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THE  FATE  OF  BACTERIA  SEALED  IN  DENTAL  CAVITIES^ 


F.  C.  BESIC,  D.D.S. 

College  of  Dentistry,  University  of  Illinois,  Chicago,  III. 

There  has  always  been  much  speculation  as  to  what  happens  to  the  bacteria 
sealed  in  the  dental  cavities  under  filling  materials.  From  this  speculation  con¬ 
troversy  has  arisen  over  the  need  or  value  of  cavity  sterilization,  the  employment 
of  germicidal  filling  materials,  and  the  importance  of  removing  every  trace  of 
carious  dentin  (by  clinical  determination)  even  to  the  point  of  pulpal  exposure. 

If  the  bacteria  die  shortly  after  filling  without  the  employment  of  any  germici¬ 
dal  agent  then  these  problems  lose  importance  and  technical  procedures  can  be 
greatly  simplified.  If  the  bacteria  remain  alive  we  have  several  problems  that 
may  have  significance. 

It  is  generally  accepted,  as  shown  by  Miller  (1),  Henrici  and  Hartzell  (2), 
Clarke  (3),  and  others,  that  bacteria  penetrate  the  dentinal  tubules  beyond 
the  limits  of  the  softened  carious  lesion.  The  known  sterilizing  and  germicidal 
agents  on  hand  probably  are  effective  on  the  surface  of  the  lesion  but  their  pene¬ 
trating  action  into  the  tubules  is  doubtful. 

Millions  of  teeth  have  been  filled  under  varying  conditions  and  the  majority 
of  these  teeth  have  apparently  given  good  service;  that  is,  there  has  been  no 
noticeable  recurrence  of  decay  under  the  filling  and  only  relatively  few  local  symp¬ 
toms  of  pulpal  difficulties.  But  unfortunately  there  may  be  other  problems 
involved.  If  pathogenic  bacteria  can  grow  and  multiply  in  dentinal  tubules  for 
any  length  of  time  could  they  not  in  some  cases  (where  the  dentinal  tubules  are 
not  occluded  by  calicification  near  the  pulp)  slowly,  intermittently,  or  con¬ 
tinuously  enter  the  pulp  and  possibly  enter  the  general  circulation,  or  could  their 
toxins  not  be  the  cause  of  some  of  the  unexplained  cases  of  sensitive  teeth  and 
even  systemic  intoxications? 

If  there  is  any  basis  to  the  theory  of  focal  infection  we  should  be  aware  of  the 
fate  of  the  bacteria  sealed  in  dental  cavities  so  that  our  treatment  may  be  on  a 
more  rational  basis. 


METHODS  OF  STUDY 

Each  case  studied  was  given  the  strictest  attention.  Only  molar  teeth  with 
occlusal  cavities  (no  proximal  involvements)  were  used.  Except  in  a  few  in¬ 
stances,  for  reasons  stated  elsewhere,  virgin  cavities  were  used.  An  attempt  was 
made  to  classify  the  type  of  decay  by  the  rather  poor  descriptions  of  acute,  chronic 
or  sub-acute  with  the  hope  of  associating  a  certain  strain  of  bacteria  with  a 
certain  described  type  of  lesion.  No  antiseptics  of  any  kind  were  ever  used  in 
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the  tooth  cavity.  Control  cultures  were  made  to  determine  contamination  of 
the  operating  tray  just  before  inoculating  the  media  with  specimens  from  the 
cavity.  All  tests  w'ere  made  of  teeth  in  situ  (in  vivo).  All  patients  belonged  to 
the  w'hite  race,  and  ages  varied  from  16  to  25  years.  All  operations  were  per¬ 
formed  by  the  author. 

A  rubber  dam  w^as  applied  to  isolate  only  the  tooth  in  question;  the  field  was 
dried  and  all  areas  inspected  for  leaks  in  the  dam ;  the  w'hole  field  w'as  painted  with 
7%  tincture  of  iodine  (cavity  in  tooth  not  touched  w’ith  antiseptics);  the  iodine 
W'as  allowed  to  dry  and  then  washed  off  with  70%  alcohol  (this  w'as  also  done  over 
the  gutta  percha  seal  after  the  first  sitting).  All  instruments,  materials,  and  the 
tray  w'ere  sterilized  in  the  usual  manner.  The  handpiece  w  as  w  ashed  in  alcohol 
and  the  burrs  sterilized  in  phenol  for  3  minutes  and  then  washed  in  alcohol. 

All  undermined  enamel  was  chipped  aw'ay  and  all  decay  at  the  dentino- 
enamel  junction  was  completely  removed  (based  on  clinical  determination) 
but  a  small  amount  of  decayed^destiiLwas  allowed  to  remain  in  the  base  of  the 
cavity  in  all  but  a  few  cases  wherein  all  decay  w'as  removed.  Since  it  is  be¬ 
lieved  that  most  operators  w  ill  usually  leave  small  traces  of  decayed  dentin  m 
extensive  cavities,  it  seemed  advisable  to  do  the  same  in  most  cases  understudy. 
By  allowing  decay  to  remain  in  the  base  of  a  cavity  and  note  its  progress  over  a 
period  of  a  year  or  more  one  could  also  substantiate  or  question  the  theory  of 
necessity  of  complete  eradication  of  softened  dentin.  It  is  of  course  obvious  that 
no  decay  at  the  dentino-enamel  junction  should  remain  since  fracture  of  the 
enamel  rods  might  take  place  wdth  obvious  consequences. 

Sterile  normal  saline  was  carried  to  the  cavity  writh  a  sterile  cotton  pellet  and 
agitated  in  the  open  cavity.  It  was  then  dropped  into  a  culture  tube  or  streaked 
over  a  culture  plate.  Also  small  bits  of  decayed  material  w'ere  dropped  in  the 
media.  Brewer’s  broth,  acid  broth  (in  a  few  cases),  tomato  agar,  blood  agar, 
and  litmus  milk  were  used  as  media.  Brewer’s  broth  (sodium  thioglycolate 
medium)  (5)  is  a  medium  that  ^vill  support  both  aerobic  and  anaerobic  bacteria 
being  least  favorable  for  organisms  requiring  an  acid  base.  For  that  reason  to¬ 
mato  agar  and  acid  broth  (in  a  few'  cases)  were  also  employed.  Sub-cultures  to 
blood  agar  were  made  from  Brewer’s  medium  to  determine  the  type  of  strepto¬ 
coccus;  and  sub-cultures  to  litmus  milk  from  tomato  agar  plates  to  show  acid  re¬ 
duction.  Microscopic  slides  of  all  growths  were  made  and  studied  after  staining 
by  the  Gram’s  method. 

The  cavity  was  wiped  dry  w'ith  cotton  pellets.  A  portion  of  a  dry  pellet  was 
left  in  the  cavity  and  covered  first  with  sterile  baseplate  gutta  percha  packed 
down  tightly  and  that  in  turn  covered  by  oxyphosphate  of  zinc  cement.  Thus 
the  decayed  or  contaminated  portion  of  the  cavity  came  in  contact  only  with 
sterile  cotton  and  the  bland  and  sterile  gutta  percha.  This  prevented  any  action 
of  the  cement  on  the  bacteria  in  the  cavity  and  also  furnished  a  double  seal. 

The  tooth  w'as  left  in  this  condition  for  2  weeks  and  w'as  then  reopened  and  re¬ 
cultured.  A  third  culture  was  made  in  2  more  weeks  and  successive  cultures  at 
various  intervals  for  a  period  as  long  as  a  year  and  a  half  in  certain  cases. 


BACTERIA  SEALED  IN  CAVITIES 


351 


RESULTS 

Case  1:  Male,  22  years  old.  Acute  (rampant)  caries.  Studies  were  made  on 
both  right  and  left  lower  second  molars. 

A.  The  first  culture  in  the  left  molar  showed  Lactobacillus  acidophilus  and 
staphylococci.  Two  weeks  later  the  same  organisms  were  present.  The  patient 
failed  to  return  until  1  year  and  7  months  later.  Inspection  of  the  tooth  showed 
the  cement  seal  missing  but  gutta  percha  still  present.  Portions  of  dentin 
around  the  periphery  of  the  cavity  were  exposed.  The  case  should  have  been 
discarded  but  it  was  decided  to  culture  the  deep  part  of  the  cavity  after  sterilizing 
the  whole  surface  of  the  tooth  before  removing  the  seal.  Operation  showed  active 
appearing  decay  with  slight  moisture.  Microscopic  examination  showed  gamma 
streptococci,  gram  positive  rods,  diplococci,  staphylococci,  and  filamentous 
organisms.  The  reason  for  the  presence  of  different  bacteria  of  course  is  obvious. 
Sterilization  of  the  whole  tooth  (exposed  dentin  around  the  periphery  before  the 
gutta  percha  seal  was  removed)  did  not  sterilize  the  dentin  in  the  deep  part  of 
the  cavity. 

B.  A  culture  of  the  right  molar  taken  1  week  after  the  first  culture  of  the 
opposite  side  showed  L.  acidophilus  and  gamma  streptococci.  Two  weeks  later 
this  same  tooth  showed  the  same  organisms;  and  4  weeks  after  the  first  sitting 
still  the  same  bacteria.  One  year  and  7  months  later  inspection  showed  the 
same  condition  as  the  left  molar.  The  interesting  factor  was  that  the  same 
orgarysms  were  present  in  both  teeth  under  the  gutta  percha  seal. 

This  case  indicated  that  the  bacteria  remained  alive  in  both  teeth  for  the  short 
periods  that  observations  could  be  made  (4  weeks  in  one  and  2  in  the  other). 

Case  S.  Female,  age  16.  Sub-acute  (moderately  rampant)  caries.  Lower  left 
first  molar.  The  first  culture  showed  gamma  streptococci;  2  weeks  later  the 
same  organism;  4  weeks  from  the  first  sitting  the  same  organism;  7  months  from 
first  sitting  a  negative  culture;  2  weeks  later  still  negative.  The  streptococci 
survived  for  at  least  4  weeks  and  died  out  some  time  between  the  second  and 
seventh  months.  There  was  no  apparent  increase  in  decay.  The  remaining 
decay  looked  dry  and  flakey  (inactive)  after  the  first  sitting. 

Case  3.  Female,  age  18.  Acute  (rampant)  caries.  Lower  left  second  molar. 
First  culture  showed  Streptococcus  viridans.  Two  weeks  later,  4  weeks  later ;  and 
10  months  from  first  sitting  Streptococcus  viridans  was  still  demonstrable.  One 
j'ear  from  the  first  examination  cultures  were  negative  and  2  weeks  later  the  cul¬ 
ture  was  still  negative.  Streptococcus  viridans  was  the  only  organism  present 
in  the  deep  part  of  the  lesion  and  survived  for  almost  a  year.  There  was  no 
apparent  increase  in  the  amount  of  decay  during  that  time.  The  decayed  dentin 
after  the  first  sitting  was  dry  and  flakey. 

Case  4-  Male,  age  20.  Subacute  caries.  Lower  left  second  molar.  First 
culture  showed  L.  acidophilus  as  did  those  taken  2  and  4  weeks  later.  Seven 
months  from  first  sitting  and  2  weeks  later  cultures  were  negative.  The  lacto- 
bacilli  died  out  between  the  second  and  tenth  months.  Like  the  previous  cases 
the  decay  appeared  inactive  after  operation. 
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Case  5.  Male,  age  19.  Subacute  caries.  Lower  right  first  molar.  First 
culture  showed  gamma  streptococci  but  cultures  taken  2  and  8  months  later  were 
negative.  Gamma  streptococci  were  the  only  organisms  cultured  and  died  out 
^\'ithin  2  months  after  sealing  the  cavity.  There  was  no  apparent  increase  in 
the  amount  of  decay. 

Case  d.  Male,  age  20.  Acute  caries  (rampant).  First  culture  showed  Strepto¬ 
coccus  viridans  as  did  one  taken  3  months  later.  Eight  months  later  or  1 1  months 
after  first  culture  no  bacteria  were  gro^Mi  from  the  cavity.  The  streptococci  died 
out  between  the  fourth  and  eleventh  months  after  sealing  the  cavity.  There  was 
no  apparent  progress  of  decay. 

Cases  7  to  11  inclusive.  It  seemed  desirable  to  make  cultures  of  5  cavities  that 
had  fillings  for  at  least  2  years  to  determine  if  a  positive  culture  could  be  obtained. 
Three  of  the  cases  studied  revealed  no  indication  of  decay  under  amalgam  filling 
(both  radiographically  and  clinicalljO.  Negative  cultures  were  obtained  in  all 
3.  Two  cases  studied  showed  at  least  1  mm.  of  decay  under  cement  bases  and 
amalgam.  Inspection  showed  dry  flakey  decay  that  appeared  inactive.  Cul¬ 
tures  of  the  surface  of  the  decay  and  below  the  surface  (toward  the  pulp)  were 
both  negative.  It  is  understood  that  there  is  no  history  of  medicinal  treatment 
of  these  5  cases  but  the  negative  cultures  do  not  contradict  the  results  tabulated 
up  to  this  point.  The  above,  however,  is  not  the  complete  story  as  the  following 
findings  will  indicate. 

Case  12.  Male,  age  25.  Sub-acute  caries  in  lower  left  second  molar.  All 
clinical  evidence  of  decay  was  removed  to  compare  with  the  previous  cases  where 
portions  of  decay  were  purposely  left  in  the  cavities.  First  culture  produced 
gamma  streptococci  (short  chain)  and  staphylococci  as  did  that  taken  4  months 
later.  One  year  and  1  month  from  first  sitting  culture  was  still  positive  with 
same  organisms.  There  was  no  apparent  increase  in  decay;  the  lesion  appeared 
dry  and  inactive. 

Case  8.  Male,  age  20.  Acute  caries  in  upper  left  second  molar.  First  culture 
showed  gamma  streptococci  and  L.  acidophilus  as  did  cultures  taken  3  and  6 
weeks  later.  After  5  months  (6  months  and  2  weeks  after  initial  study)  cultured 
produced  only  ganuna  streptococci  and  this  organism  was  again  grown  3  months 
later  (9  months  and  2  weeks  from  first  culture).  One  and  a  half  years  after  the 
first  culture  gamma  streptococci  were  still  present.  The  lactobacilli  died 
between  2  and  5  months.  There  was  no  apparent  increase  in  decay.  Remaining 
bits  of  the  lesion  were  dry  and  flakey. 

Case  9.  Male,  age  21.  Sub-acute  caries  in  lower  left  first  molar.  First  cul¬ 
ture  produced  gamma  streptococci  and  L.  acidophilus  and  these  were  found  2 
w  eeks  and  again  5  months  later.  One  and  a  half  years  later  only  gamma  strepto¬ 
cocci  (short  chain)  w’ere  grown.  The  lactobacilli  died  out  after  5  months.  In 
spite  of  the  positive  streptococci,  there  was  no  apparent  progress  of  the  so  called 
carious  lesion. 


DISCUSSION 

This  report  does  not  contradict  the  observations  of  Killian  Clarke  who  claimd 
that  L.  acidophilus  could  be  isolated  only  from  the  surface  of  shallow  cavities 
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where  the  pabulum  would  be  most  acid;  and  that  deep  cultures  of  carious  dentin 
showed  Streptococcus  mutans  and  in  just  a  few  instances  streptococcus  in  as¬ 
sociation  with  L.  acidophilus,  which  were  probably  contaminations  from  the 
surface  of  the  lesion.  Miller’s  photographs  showed  several  types  of  organisms 
in  carious  dentin  but  Clarke  quite  conclusively  pointed  out  that  pure  strains  of 
Streptococcus  mutans  appear  similar.  Seltzer  stated  that  a  few  cases  treated 
without  medicaments  and  observed  for  a  few  weeks  remained  positive.  There 
is  no  mention,  however,  what  organisms  are  present  or  how  long  they  sur\dve  in 
a  sealed  cavity. 

Sarnacki  and  Ritterband  (6)  have  carried  out  a  study  on  the  life  span  of  bac¬ 
teria  found  in  cavities  of  freshly  extracted  teeth.  Their  operative  methods  cor¬ 
responded  to  those  described  above  (in  vivo  experiments).  The  teeth,  after 
being  sealed,  were  kept  moist  in  normal  saline  and  in  an  incubator  at  37°c.  It 
was  interesting  to  note  that  of  the  12  cases  studied  all  became  negative  within  6 
weeks  in  contrast  to  the  in  vivo  experiments  where  a  much  longer  life  span  was 
noted.  This  would  seem  to  indicate  that  the  vital  process  in  the  dentin  may  in 
some  manner  by  necessary  for  the  existence  of  bacteria  sealed  in  dental  cavities. 

SUMMARY 

1.  In  the  10  cases  studied  in  detail  streptococci  (short  chain)  were  present  in  8 
(gamma  streptococci  in  6  and  Streptococcus  viridans  in  2).  Lactobacilli  were 
present  in  5.  Staphylococci  were  present  in  2, 

2.  Lactobacilli  in  all  cases  studied  died  out  at  some  time  between  2  and  10 
months.  Staphylococci  remained  positive  for  at  least  1  year  in  one  case  and  in 
the  other  could  not  be  followed  up  because  of  the  patients’  failure  to  return  before 
the  seal  of  the  cavity  was  destroyed.  Streptococci  were  the  most  prevalent  and 
resistant  and  in  one-third  of  the  cases  still  remained  positive  after  being  sealed 
for  more  than  1  year. 

3.  No  particular  type  of  organism  found  in  decayed  dentin  seemed  to  be  as¬ 
sociated  with  either  so-called  acute  or  chronic  decay. 

4.  One  of  the  3  cases  that  still  remained  positive  after  1^  years  had  all  clinical 
traces  of  decay  removed. 

5.  In  no  case  was  there  any  gross  indication  of  progress  of  decay. 

6.  It  appears  as  though  (a)  the  carious  process  in  dentin  definitely  stops  or 
gradually  ceases  as  soon  as  the  lesion  is  closed  from  the  oral  environment  even 
when  the  organisms  remain  alive;  (b)  the  bacteria  have  a  tendency  to  die  out; 
but  (c)  in  30%  of  the  cases  studied  positive  cultures  of  streptococci  persisted 
after  being  sealed  for  more  than  a  year. 

Apparently  an  effective,  penetrating  sterilizing  agent  may  be  necessary  in  deep 
decayed  lesions  near  the  pulp  not  to  stop  the  carious  process  from  progressing 
because  it  ceases  automatically  upon  filling  of  the  cavity,  but  to  eliminate  the 
possible  surviving  organisms  and  eradicate  a  possible  focus  of  bacterial  growth 
that  may  eventually  injure  the  dental  pulp  or  tissues  elsewhere  in  the  body 
through  focal  infection. 

The  author  wishes  to  express  appreciation  for  the  aid  received  from  Dr.  Milan  Novak, 
of  the  bacteriology  department,  and  all  others  who  in  one  way  or  another  lent  their  as¬ 
sistance. 
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DENTAL  CONDITIONS  AMONG  PREHISTORIC  INDIANS 
OF  KENTUCKY! 

(The  Indian  Knoll  Collection) 

SAMUEL  RABKIN,  D.D.S. 

Cincinnati,  Ohio 

Some  400  skulls  comprise  the  collection  now  assembled  at  the  museum  of  the 
University  of  Kentucky,  Lexington,  Ky.*  The  physical  and  morphological 
characteristics  of  these  skulls  are  generally  similar  to  those  of  the  Northern 
Alabama  Shell  Mound  series  included  in  another  recent  publication.*  For  the 
most  part,  the  Kentucky  specimens  are  in  a  much  better  state  of  preservation 
and  provide  better  material  for  dental  study.  Nevertheless,  in  this  instance 
as  is  the  case  with  most  prehistoric  remains,  not  all  of  the  skulls  are  in  a  state  of 
preservation  permitting  satisfactory  examination.  Some  do  not  possess  a 
complete  complement  of  teeth  (due  to  either  ante  or  post  mortem  loss).  In 
some  cases  the  mandibles,  or  portions  of  the  jaws,  are  missing.  Also  included 
are  the  skulls  of  the  ver>'  old,  the  edentulous  and  other  indeterminable  specimens. 
Less  than  300  skulls  were  found  satisfactory  for  the  purposes  of  this  paper. 
Among  these  are  skulls  of  young  children,  and  young  or  sub-adults.  These 
consisted  of  about  10%  of  the  skulls  examined.  The  latter  are  particularly 
desirable  since  they  divulge  conditions  of  the  jaws  and  teeth  before  excessive 
wear  of  the  teeth,  or  other  traumatic  damage  to  the  jaw  bone,  had  taken  place. 
Also,  the  remains  of  children  and  the  early  youths  are  indispensable  for  a  corol¬ 
lary  study  since  they  disclose  the  tendency  or  incidence  of  tooth  decay  among 
the  young  between  prehistoric  and  modem  time. 

Despite  the  small  size  of  this  collection  it  does  present  a  well-balanced  cross- 

*  Received  for  publication  June  7, 1943. 

*  This  is  a  supplementary  collection  recently  excavated  and  assembled  from  the  same 
region  where  similar  material  was  previously  gathered  by  C.  B.  Moore.  The  first  collection 
which  consisted  of  66  crania  and  is  at  present  at  the  National  Museum,  Washington,  D.  C., 
was  examined  and  described  by  R.  W.  Leigh  (Am.  J .  Physical  Anthropology,  8:  179  April- 
June,  1925).  Regrettably,  Dr.  Leigh’s  work  and  description  of  the  Kentucky  material  was 
not  brought  to  this  writer’s  attention  until  an  account  of  the  present  work  and  the  manu¬ 
script  was  completed.  Some  satisfaction  was  derived  from  the  fact  that  the  pertinent 
observations  described  in  this  paper  concerning  the  Kentucky  material  closely  parallel 
those  of  Leigh.  The  manuscript  has  since  been  revised  and  contains  pertinent  references 
and  tangent  facts  of  Leigh’s  earlier  observations.  Thus,  it  is  anticipated  that  the  account 
that  follows  will  provide  consistent  information  as  they  come  from  two  separate  sources  of 
investigation,  as  well  as  to  accord  just  representation  to  those  concerned  with  this  inquiry. 
To  avoid  continuous  repetitions  of  corresponding  evidence,  the  reader  is  asked  to  consult 
Leigh’s  original  article. 

•/.  D.  Res.,  21;  211, 1942. 
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section  of  physical  and  dental  characteristics  among  a  single  prehistoric  group 
of  people.  SnoTN-^  believed  that  there  are  marked  morphologic  similarities 
between  the  Shell  Mound  Indians  of  Northern  Alabama  and  those  of  the  Indian 
Knoll;  and,  therefore,  that  the  two  collections  may  be  identified  as  the  remains 
of  the  same  people.  Webb,*  who  has  charge  of  this  collection,  is  of  the  opinion 
that  the  Indian  Knoll  people  were  the  earliest  known  inhabitants  of  this  region. 

Essentially,  the  observations  and  evidence  to  be  presented  constitute  a 
historic  record  of  general  interest.  To  apply^  this  information  towards  a  corol¬ 
lary  between  prevailing  dental  conditions  of  the  past  and  present  should  prove 
extremely  important  to  those  concerned  with  the  problem  of  dental  pathology. 
Many  existing  obscurities  can  thus  be  dispelled  and  many  speculations  can 
similarly  be  avoided.  For  this  reason,  attention  wdll  be  called  to  corresponding 
or  greatly  contrasting  phenomena  between  past  and  present. 

The  most  striking  feature  in  this  collection  of  skulls  are  those  of  extremely 
large-headed  tjrpes.  They  are  the  typically  sturdy  prehistoric  and  primitive 
types  with  thick  and  heavy  bone  formation  throughout  the  skull,  spacious  and 
massive  jaws  and  very  large  teeth.  These  are  in  marked  contrast  to  others  in 
the  collection.  In  all  such  instances  the  teeth  which  harmonize  with  the  large 
sized  jaws  are  of  a  superior  quality^  and  are  invested  between  thick  walls  and 
septi  of  the  alveolar  process.  Unless  degenerative  changes  or  abscess  cavities 
within  the  jaw  bone  had  resulted  from  a  destroyed  tooth  or  teeth,  break-down 
of  the  alveolar  support  seldom  is  present  among  such  types  up  to  late  adult 
life.  Extra  thickened  alveolar  bone  and  marked  marginal  buccal  ridges,  extend¬ 
ing  from  the  first  premolar  to  the  last  molar  providing  reinforced  support  to  the 
lower  teeth,  are  also  characteristic  features.  Similarly  the  upper  teeth  are  pro¬ 
tected  by  a  massive  formation  of  bone,  which  is  well  distributed  to  include  the 
anterior  teeth. 

Among  these  are  other  skulls  which  correspond  neither  in  size,  thickness  of  the 
bone  nor  the  formidable  jaw’  and  tooth  ^vith  the  aforementioned  large  types. 
These  skulls  present  further  disparities.  They  appear  morphologically  different; 
yet,  phylogenetically  they  are  identified  as  the  same  people.  Indeed,  this 
heterogeneity  presents  a  dilemma.  Unquestionably,  this  group  of  Indians 
subsisted  on  the  same  types  of  food,  inhabited  the  same  region,  and,  no  doubt 
lived  at  approximately  the  same  period  of  time.  These  Indians  could  not  have 
had  any  contact  at  that  early  period  with  others  outside  their  own  origin;  hence, 
admixture  could  not  have  occured  among  them,  or,  as  Leigh  observed  earlier, 
that  “there  is  no  indication  that  the  tribe  had  contact  with  Europeans.” 

The  presence  of  these  varied  types  and  the  contrasting  dental  conditions  amply 
indicate  that  physical  and  dental  constancy  did  not  prevail  among  these  early 
American  Indians,  notwithstanding  their  singular  identity.  Developed  physi¬ 
cal  and  dental  alterations  that  had  occurred  during  human  history  resulted 

*  Snow,  Charles  E.,  (Assistant  Professor  of  Physical  Anthropology,  University  of  Ken¬ 
tucky,  Lexington,  Ky.).  Personal  communication  to  the  author. 

‘Webb,  W.  S.  (Consultant  in  Archaeology,  University  of  Kentucky),  Personal  com¬ 
munication. 
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from  a  well-known  myriad  of  causes  which  nml  not  he  dwelt  upon  here.  Never¬ 
theless,  these  causes  were  cumulatively  the  ultimate  result  of  departures  from 
constancy.  Heredity,  environment  and  reeurrinf?  genetic  influences  had 
governed  the  suhseiiuent  reintrcKluetion  of  the  primordial,  altered,  normal  and 
often  defective  types.  This  also  explains  the  presence  of  extreme  variations 
in  the  hone  formation,  shapes,  sizes  and  pattern  of  the  jaws  and  teeth  as  well 
as  the  (juality  of  the  teeth.  The  just-mentioned  influences,  which  are  well 
entrenched  in  man,  are  of  most  early  origin  and  definitely  preceded  the  Indians 
in  reaching  these  shores.  The  potentialities  toward  the  continuance  of  estab¬ 
lished  nuKlifications  were  followed  after  their  arrival  in  this  hemisphere.  Newly 
developed  traits,  however,  often  occur  among  a  people;  these  traits  are  .subse¬ 
quently  reintroduced,  and  some  old  traits  may  l)e  lost  as  long  as  these  people 
remain  in  a  permanent  environment  and  are  free  for  a  long  duration  from  ad¬ 
mixture. 

In  part,  this  may  he  an  explanation  of  the  existing  and  rather  strange  dis¬ 
tinguishing  feature,  such  as  toi-sion  of  the  first  incisors,  which  is  characteristically 
common  to  the  American  Indian.  This  deformity  in  the  alignment  of  the 
incisor  teeth,  which  infreciuently  and  le.ss  conspicuously  occurs  among  living 
Europeans,  prevailed  frecpiently  and  very  prominently  among  prehistoric 
.\merican  Indians.  About  35%  of  the  crania  examined  in  the  present  Kentucky 
collection  reveal  this  prevailing  condition.  In  the  previous  collection,  Leigh 
reports  finding  only  5%,  while  4%  showed  similar  conditions  among  the  aborig¬ 
inal  ('alifornians,  as  observed  by  the  same  author.®  Nelson  reports  finding 
29.5%  palatal  torsion  among  the  Pecos  Indians.^  Raised  marginal  ridges 
running  parallel  on  either  side  of  the  upper  incisoi*s,  broad  second  incisors,  thick 
and  flattened  contact  surfaces  of  the  teeth,  all  constitute  additional  evidence 
of  traits  that  are  seldom  observable  among  other  prehistoric  or  recent  peoples 
l)esides  the  .\merican  Indians,  .\nother  (nldity  is  the  highly  rounded  and  bulging 
walls  of  the  crowns  of  the  premolar  and  molar  teeth  (/iy.  /).  This  particular 
and  distinctive  feature  does  not  predominate,  but  is  found  (juite  often  among 
the  Indian  remains. 

So  far  an  attempt  has  In'en  made  to  relate  the  olxservations  of  prevailing 
contrasting  traits  involving  the  jaws  and  teeth  lus  they  are  revealed  in  the  skulls 
of  one  group  of  prehistoric  Kentucky  Indians.  Only  cursory  rea.sons  were 
advanced  for  the  prevailing  disparities.  Indeed,  many  of  the  distinguishing 
traits  mentioned  here  are  also  pre.sent  among  the  remains  of  other  .\merican 
Indians,  although  they  do  not  prevail  univei'sally. 

Concerning  the  actual  findings  of  dental  conditions  jis  revealetl  by  the  Indian 
Knoll  collection,  only  the  most  pertinent  evidence  will  be  presented  here.  Elab¬ 
orate  tables,  meiisununents  and  detailed  descriptions  of  incidental  differences,  or 
minor  anatomical  deviations,  are  avoided  here  intentionally.  It  is  almuly  well- 
known  that  skeletal  remains,  sucluis  tlm.se  discu.s.sed  in  this  paper,  include  a  wide 

‘  boinli,  U.  \V.,  Dental  Pathology  of  .Ahorigiiial  California,  I^ublicationn  in  American 
Archeology  and  Ethnology,  23:  31)*.)-44U,  l‘.)2S,  University  of  California  I’ress. 

^  Nelson,  ('.  T.,  Am.  J .  l^hynical  Anthropology,  23:  261,  January-Mareh,  1938. 
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Fig.  1 .  Fxaiiii>l<"s  uf  soiih'  bliaiws  and  sizes  of  teeth  and  leiiKth  of  roctts  ainon^  the  Indian 
Knoll  ( 'olleetion.  A  — long  root(;d  teeth  with  rouniled  crowns,  H,C,  IJ  large  bulging  crowns 
of  preinolars  and  lower  molar. 

Fig.  2.  llypojdasia  of  enamel  in  the  de(  idu(jus  teeth  of  a  child  age  0  or  7  years. 

Fig.  ’i.  liuecal  marginal  ridge  tindicate<i  by  arrow)  on  mandible  of  large  heatled  Indian 
of  Knoll  group. 

Fig.  4.  Mamlibh*  of  an  .\meriean  Negro  with  arrows  pointing  to  marginal  riilge  and 
heavy  layer  of  bone  of  tin*  alveolo  lingual  surface  (Specimen  through  courtesy  of  J.  D. 
Weintraub,  .\1.1>.,  Cincinatti,  Ohio). 

Fig.  .5.  Fxamples  <if  w«far  of  teeth.  uniform  and  even  w*?ar,  H  obli<|U«‘  lingual  wear. 

Fig.  (j.  'l'<.irsi<in  of  imdsor  U-eth.  I.eft  — mandible  <jf  12  to  14  yi-ar  old  youth,  right- 
mandible  of  adult. 

Fig.  7.  l‘.!xamjd«;s  of  sln>vel -shaped  t»‘eth  described  by  llrtllicka  feom|)an‘ yi^.  8). 
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range  of  structural  and  anatomical  variants,  as  well  as  other  pertinent  evidence 
r^arding  dental  conditions  in  man  between  past  and  present.  With  that  in  view, 
the  following  findings  are  submitted  here  as  tabulated  from  the  records  and  which 
are  regarded  as  of  primary  interest:  (a)  Incidence  of  tooth  decay  (caries);  (b) 
alveolar  conditions;  (c)  dentofacial  relationship  or  occlusion;  (d)  developmentAl 
modifications,  torsion,  etc.;  (e)  quality  of  teeth. 

The  following  tabulated  total  indicates  the  incidence  of  tooth  decay  as  found 
among  258  well-preserved  skulls  ranging  from  young  children  to  those  advanced 
in  vears: 

Number  of 
cavities 


55  skulls  were  found  to  have  carious  teeth  Female .  79 

(20  male  and  35  female) ;  the  range  is  1-6  per  skull.  Male .  46 

Total .  125 


(Leigh’s  findings  among  66  crania  in  the  previous  group  “disclosed  only  28  small 
lesions;  of  these  only  11  were  attacked  by  caries  out  of  32  teeth.”)  There  were 
only  2  instances  where  the  deciduous  teeth  were  affected  by  disease.  This  con¬ 
sisted  of  a  decayed  first  molar  in  one  child  while  hypoplasia  of  the  enamel  of  all 
maxillary  teeth  was  present  in  the  second  child  (fig.  2).  Also  1  case  of  hypoplasia 
was  noted  by  Leigh  among  the  first  collection  of  this  material  Torsion  of  the 
incisor  teeth,  as  well  as  the  raised  labial  marginal  ridges,  are  prominently  present 
among  the  children’s  skulls.  Doubtful  or  uncertmn  cases  were  not  included. 

In  discussing  the  alveolar  support  of  the  teeth,  as  disclosed  by  these  speci¬ 
mens,  the  normal  and  pathologic  conditions  will  be  dealt  with  separately.  The 
term  “normal”  is  arbitrarily  used  here  since  such  a  term  is  too  flexible.  It  is 
only  suggestive  when  comparisons  are  made  betw'een  existing  alveolar  condi¬ 
tions  predominating  among  modem  w’hite  populations  and  those  prevalent  among 
the  prehistoric  American  Indians.  In  contrast  and  as  a  general  rule,  the  alveolar 
bone  formation,  as  it  prevailed  among  the  early  American  Indians,  was  over¬ 
whelmingly  more  massive.  True,  variations  in  the  physical  morphology’  and 
bone  formation  of  the  skeletal  frame,  and  particularly  the  jawr  bones,  have 
abvays  existed  among  men  of  the  past  as  w’ell  as  of  the  present.  Therefore, 
existing  distinguishing  features  mil  be  referred  to  here  briefly. 

Obviously,  the  massive  and  highly  developed  jaw’s  of  the  sturdy  and  rugged 
type  possessed  an  alveolar  process  unlike  that  of  his  counterpart — the  lighter 
type.  Prominent  features  associated  w'ith  the  exceedingly  sturdy  type  are  the 
deep  jaws,  and  thick  and  dense  bone  formation  prevailing  in  both  jaws.  Exces¬ 
sive  thickening  of  the  buccal  and  lingual  w’alls  of  the  mandible  and  bulging 
layers  of  bone  of  the  upper  jaws  to  fortify  the  support  of  the  teeth  are  common 
characteristics  of  the  sturdy  type.  The  septi  between  the  roots,  unless  ex- 
traneously  affect^ed  by  injury  or  disease,  usually  remain  intact  until  the  late 
stages  of  adult  life. 

The  aforementioned  features  are  infrequent  among  many  other  skulls; 
and,  in  some  instances,  the  bone  formation,  as  well  as  the  alveolar  support. 
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appears  in  extreme  contrast  to  the  first  described.  In  \dew  of  these  prevailing 
differences,  the  258  skulls  have  been  categorically  placed  in  3  classes;  heavy, 
medium  and  lightweight  bone  formation,  which  follow  (indeterminables  were 
not  included) : 


Heav>’ .  38 

Medium .  96 

Lightweight .  56 


The  quality  of  the  3  classes  mentioned  nevertheless  is  in  extreme  contrast  to 
conditions  in  modem  Europeans  where  the  opposite  condition  predominates. 
Among  modem  whites  the  septi  frequently  go  into  dissolution  very  early  in 
life,  thus  terminating  the  life  and  usefulness  of  the  teeth  through  alveolar 
disease.  Similar  are  Leigh’s  observations  in  the  first  group  which  he  sums  up 
as  follows:  “In  the  Kentucky  skulls  there  are  no  cases  of  generalized  periodonto¬ 
clasia  throughout  the  arch.  Neither  is  there  a  single  case  of  atrophy  of  the 
supporting  tissues  of  the  lower  anterior  teeth  which  is  of  fairly  frequent  oc¬ 
currence  in  modem  people.” 

A  striking  feature  which  is  present  to  a  greater  or  lesser  degree  (depending 
upon  the  physical  type)  among  about  half  of  the  better-preserved  skulls  in  the 
Indian  Knoll  collection  is  the  buccal  marginal  ridge.  This  consists  of  a  linear 
crest  of  bone  formation  at  the  outer  wall  and  at  the  border  of  the  alveolar  process 
firmly  resting  against  the  necks  of  the  teeth.  Extending  from  the  last  molar, 
and  including  the  first  premolar,  this  occurs  only  in  the  mandibles  ijig.  S).  True 
to  type,  this  marginal  ridge  is  more  prominent  in  the  massive  jaws,  but  prevails 
often  among  the  lighter  type;  where  this  prominent  feature  exists,  the  upper  jaw 
invariably  possesses  a  compensating  thickened  layer  of  bone  which  in  both 
instances  constitutes  a  reinforcement  and  greater  support  to  the  teeth.  As 
regards  the  origin  of  the  marginal  ridge,  one  may  postulate  that  this  particular 
anatomic  eminence  was,  no  doubt,  present  among  early  prehistoric  and  primi¬ 
tive  peoples.  Often  this  may  be  observed  among  anatomic  material  of  the 
recent  American  Negro  {Jig.  4),  who  also  possesses  the  familiar  large  and  powerful 
jaws  and  teeth.  Seldom  is  this  feature  seen  among  modem  Europeans. 

A  rather  sad  chapter  in  the  history  of  early  man  is  recorded  in  the 
pathosis  of  the  jaws;  disease  of  the  jaws  resulting  from  injury  and  death  of  the 
pulps  of  the  teeth.  Excessive  and  rapid  wear  of  the  crowns  due  to  grit  and 
sand  in  the  food  contributed  to  a  rapid  and  premature  exposure  of  the  pulp 
chamber  which  led  to  disease  and  death  of  the  pulp.  Disease  and  abscess 
cavities  within  the  jaw  bone  usually  followed.  Much  depended  upon  the  num¬ 
ber  of  teeth  thus  affected  and  the  rapidity  of  the  wear  and  the  age  of  the  individual. 
In  some  instances,  the  damaged  teeth  were  lost  shortly  after  their  injury,  and 
the  destmction  to  the  bone  was  not  extensive  during  the  life  of  the  individual. 
More  frequently,  however,  the  destroyed  teeth  have  remained  in  place  for  some 
time  and  the  disease  of  the  bone  continued.  Thus  a  morbid  picture  is  invariably 
revealed  whereby  not  only  portions  of  the  jaw  bones  are  necrosed,  but  also  the 
antrums  are  frequently  involved.  It  is  clear  that  those  who  were  afflicted  \vith 
this  condition  must  have  endured  untold  agony.  Obviously,  the  crowm  forma- 


DENTAL  conditions:  PREHISTORIC  KENTUCKY  INDIANS 


361 


tion  of  the  human  tooth  was  not  designed  to  withstand  the  presence  of  abra¬ 
sives  in  food.  Not  only  the  American  Indians’,  but  the  teeth  and  jaws  of  pre¬ 
historic  peoples  from  other  lands,  had  suffered  to  a  like  extent  from  the  same 
cause.  This  is  disclosed  by  the  vast  collection  of  prehistoric  remains  assembled 
at  the  various  museums. 

Fortunately  some  of  the  people  have  somehow  always  managed  to  escape 
this  trying  ordeal.  Whether  this  was  due  to  a  natural  resistance  of  the  teeth 
or  diverse  sources  of  food  supply,  the  tendency  seems  to  have  existed  universally 
as  is  revealed  generally  by  the  large  collections  of  skeletal  remains.  The  belief 
that  excessive  wear  of  the  teeth  was  due  only  to  prolonged  use  and  occurred 
among  the  aged  is  not  justified.  The  degree  of  wear  of  the  teeth  does  not 
always  correspond  to  an  approximate  age  of  the  individual.  Among  some 
individuals  this  wear  occurred  more  rapidly  than  among  others.  There  were 
many  instances  where  the  teeth  had  undergone  extreme  wear  and  where  the 
usual  tendency  of  pulp  exposure  would  ordinarily  take  place,  but  secondary 
dentin  formation  inteiwened  to  save  the  tooth  and  to  avoid  complications. 
On  previous  occasions,®  the  wTiter  has  called  the  reader’s  attention  to  the  signif¬ 
icance  of  secondary  dentin  formation  as  one  means  of  saving  extensively  worn 
teeth  from  total  destruction  and  disease  to  itself  and  the  alveolar  disease.  This 
phenomenon  is  infrequently  observ'ed  clinically  among  living  primordial  t>T)es 
as  well  as  among  recent  anatomic  specimens.  More  impressive,  however,  is  the 
appearance  of  the  almost  completely  worn  teeth  disclosing  the  protective  meas¬ 
ures  provided  by  secondary  dentin  as  it  is  revealed  from  the  prehistoric  re¬ 
mains.  This  opinion  was  shared  by  others,  as  it  is  aptly  observ'ed  by  Leigh  and 
supported  by  similar  expressions  of  Endelman.  Leigh  points  out  that  “were 
it  not  for  the  fact  that  teeth  usually  form  secondary  dentin  on  the  pulp  chamber 
wall  subjacent  to  the  wearing  surface,  there  would  be  more  teeth  with  pulp 
exposures.”  In  most  races  the  rapidity  of  wear  is  slow  enough  to  enable  the  pulp 
to  entirely  protect  itself  by  the  formation  of  new’  dentin.  Endelman  stated  the 
teeth  although  worn  to  the  cervix,  never  have  their  pulps  exposed  because  of  the 
constant  building  in  of  secondary  dentin  (cited  by  I.«igh). 

WTiat  prompts  this  defense  mechanism  for  secondary  dentin  proliferation, 
and  what  the  physio-chemical  process  consists  of  is  not  known.  Extremely 
worn  teeth,  when  sectioned,  disclose  a  solid  mass  of  dentin  throughout  the 
entire  root  canal;  the  pulp  chamber  ceased  to  exist  long  before.  Why  this 
phenomenon  should  apply  to  the  t^th  of  some  individuals  more  than  others  is 
also  not  clear.  It  is  in  the  young  adult  that  the  rate  and  degree  of  wear  of  the 
enamel  and  dentin  can  best  be  studied.  It  may  be  concluded  that  the  rapid 
and  excessive  wear  of  the  teeth  of  the  young  was  due  to  the  continueti  presence 
of  abrasives  or  grit  in  the  food.  The  same  effect  may  not  have  been  shared 
by  others  who,  besides  possessing  a  better  quality  of  tooth,  had  subsisted  on  a 
mixed  diet,  especially  fresh  water  mussels  and  other  river  foods.  That  such  a 
destructive  process  beginning  during  the  early  stages  of  life  will  culminate  in 

•Tooth  Decay,  J .  Medicine,  21:487,  January,  1941;  Dental  Conditions  .Among  .Alabama 
Indians,  J.  D.  Res.,  21:  211,  1942. 
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complications  and  disease  is  disclosed  by  the  gaping  pulp  chambers  and  large 
alveolar  abscesses.  The  number  of  abscess  cavities  per  individual  in  this  collec¬ 
tion  ranged  from  1  to  9.  In  size  these  ca\’ities  ranged  from  those  which  were 
about  2  mm.  in  diameter  invohdng  one  tooth  to  those  that  affected  large  portions 
of  the  jaws. 

Another  question  which  arises  when  examining  such  anatomical  material  is, 
how  many  tjTJes  of  mandibular  movements,  or  excursions,  are  there  in  man  to 
facilitate  his  mastication.  This  thought  came  to  mind  after  diverse  wear  of  the 
teeth  was  observed  among  these  specimens.  The  belief  was  based  on  the 
app)earance  of  .  worn  teeth  of  opposing  jaws,  which  functioned  properly  and 
could  not  be  attributed  to  one-sided  che\ring  habits,  and  might  have  been 
developed  because  of  pathologic  complications.  Wear  of  the  teeth  as  revealed 
by  these  sp)ecimens  indicates  that  the  masticating  movements  of  the  mandible 
varj’  among  different  individuals.  At  least  3  types  of  wear  are  observable  (1) 
uniform  and  ev’en  horizontal  wear  of  all  teeth,  (2)  oblique  maxillary  lingual  and 
mandibular  buccolabial  wear,  and  (3)  the  rev^erse  oblique  maxillary  buccolabial 
and  mandibular  lingual  (Jig.  5).  In  the  even,  or  uniform,  type,  the  incising  and 
chewing  teeth  are  reduced  in  a  parallel  plane  by  grinding  straight  across  the 
long  axis  of  the  tooth.  Unless  some  teeth  are  lost  due  to  whatever  cause,  this 
uniform  wear  continues  until  no  more  than  small  portions  of  the  crowns  are 
left.  The  oblique  buccolabial  tv-pe  of  wear  appears  as  of  a  lateral  swing  of  the 
lower  jaw  thereby  reducing  the  crowns  of  the  teeth  obliquely  into  triangular 
shape.  In  most  instances  where  such  chewing  habits  had  persisted,  only 
buccolabial  walls  of  the  upper  teeth  and  the  lingual  walls  of  the  lowers  remain, 
terminating  the  incisal  tips  and  outer  cusps  into  knife-like,  sharp,  serrated  edges. 
The  rev’erse  type  of  wear  occurred  less  frequently  than  the  2  former  types.  Al¬ 
though  wording  it  differently,  Leigh  draws  attention  to  similar  observations 
among  the  first  group  when  he  says  that  “The  wearing  away  of  the  maxillary 
teeth  frequently  takes  place  on  an  obtuse  plane,  one  end  terminating  at  the 
linguo-cervical  margin;  in  the  mandibular  teeth  concave  areas  frequently  are 
worn,  or  in  advanced  cases  an  obtuse  plane  is  formed  which  slants  to  the  bucco- 
cervical  margin.  In  more  advanced  cases  the  plane  on  the  upper  teeth  is  shifted 
to  the  buccal.”  Nevertheless,  it  is  significant  that  such  a  process  of  che^v’ing 
would  be  possible  considering  the  human  masticating  mechanism.  However, 
in  all  3  instances  where  the  wear  of  the  teeth  was  not  too  rapid,  and  not  compli¬ 
cated  by  pathologic  conditions,  secondary  dentin  formation  had  generally  taken 
place.  This  liad  rx'curred  regardless  of  the  volume  of  tooth  worn  away.  It 
is  alsci  doubtful  whether  or  not  dento-facial  relatioaship,  or  occlusion,  is  a  factor 
in.  the  mandibular  excursions.  /Vs  for  the  dento-facial  relationship,  or  occlusion, 
the  following  was  observed  among  these  skulls.  Out  of  150  select  specimens,  the 
pattern  of  occlusion  range  was  as  follows: 


Edge  to  edge .  50 

Slightly  over . .  96 

Pronouncedly  over .  2 

Under  bite .  2 
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Malocclusion,  as  it  is  known  today,  did  not  exist  among  these  Indians,  al¬ 
though  anomalies,  aberrations  and  malalignment  of  the  teeth  occurred  fre¬ 
quently  among  most  American  Indians.  The  shape  and  pattern  of  the  jaws 
and  vaults  were,  however,  as  widely  diversified  as  they  are  known  to  have  pre¬ 
vailed  in  the  human  phylogeny  from  the  remote  past. 

There  can  be  little  doubt  that  these  sturdy  people  had  subjected  their  teeth, 
jaws  and  muscles  of  mastication  to  a  distinct  function  which  they  w’ere  to  per¬ 
form;  the  evidence  exhibited  by  the  specimens,  through  wear  of  the  teeth  and  the 
highly  developed  body  of  the  mandible  fully  confirm  this  observation.  Yet  the 
physical  and  structural  diversity  that  prevails  throughout  the  entire  skull  col¬ 
lection  is  also  manifest  in  the  varied  shapes,  thickness  of  the  ramus,  condyles  and 
coronoid  processes  of  the  mandibles.  These  vary  from  the  primordial  char¬ 
acteristics  of  the  massive  jaws  belonging  to  archaic  man  to  those  corresponding 
to  the  average  shape  and  size  mandibles  of  modem  man. 

One  common  characteristic,  however,  seems  to  predominate  among  all  of  the 
diverse  types  available  for  examination.  This  consisted  of  the  large  articular 
space  of  the  temporo-mandibular  joint,  with  the  teeth  occluded.  Not  possessing 
figures  of  actual  measurements,  accuracy  of  the  obseiwations  is  relatively  arbitrary 
and  is  .submitted  only  as  crude  obser\’ation.  The  space  of  the  temporo-man¬ 
dibular  joint  of  the  skulls  examined  appears  to  be  much  wider  than  is  disclosed 
by  the  anatomic  material  of  modem  man.  Should  this  observation  be  verified, 
it  would  indicate  that  not  only  was  the  fibro-cartilage  thicker  between  the  head 
of  the  condyle  and  the  glenoid  cavity,  but  also  the  arch  of  the  “cavity”  was  more 
vaulted  than  in  modem  man.® 

As  regards  the  quality  of  teeth  found  among  these  Indians,  it  was  in  keeping 
^\•ith  all  other  characteristics  related  so  far;  distinct  differences  are  very  much 
in  evidence.  How’ever,  it  is  significant  that  of  the  3  types  of  tooth  quality  that 
^sill  be  cited  here,  these  show  a  limited  tendency  towards  decay  as  mentioned 
before.  Decay  of  the  teeth  is  found  in  only  isolated  instances  among  the  Indian 
children.  The  incidence  of  the  same  disorder  among  young  adults  was  also  rela¬ 
tively  low.  Obviously  similar  conditions  prevailed  in  the  first  group,  as  was  pre- 
nously  related  by  Leigh  who  pointed  out  that  “there  are  no  cases  of  caries  in 
children  or  young  adults,  but  the  few  lesions  occurred  in  persons  well  advanced 
in  life.”  The  quality  of  the  teeth  was  the  determining  factor  in  both  the  adult 
and  child.  Subsequent  damage  to  such  teeth  that  occasionally  occurred  later 
in  life  could  have  resulted  from  various  causes  and  is  not  to  be  confused  with 
inherent  predisposition  or  lack  of  resistance  to  degenerative  changes.  For 
example,  incomplete  enamel  formation  often  leaves  open  pits  and  fissures  that 
occur  even  in  the  most  normally  formed  cusped  teeth.  Food  debris  is  con¬ 
stantly  retained  there,  which  decomposes,  ferments,  and  causes  decay  of  the 
immediate  enamel  crevices,  and  penetrates  into  the  dentin.  The  effects  of  such 

’  This  difference  in  the  anatomic  architecture  may  in  part  account  for  the  sliding  and 
slipping  of  the  mandible  out  of  the  socket  that  so  frequently  occurs  among  our  recent  popu¬ 
lace.  Especially  is  this  tendency  more  prevalent  among  the  "fastidious”  females  whose 
function  of  the  muscles  of  mastication  and  gnathic  force  is  manifestly  quite  limited. 


364 


SAMUEL  R.‘^.BKIN 


incipient  tooth  decay  vary.  In  prehistoric  man,  as  well  as  in  modem  man, 
the  poor  quality  of  tooth  structure  which  sometimes  occurs,  obviously  offers 
little  resistance  to  this  food  fermentation  (bacterial  action  and  acid  production); 
invariably  such  tooth  stmcture  begins  to  suffer  immediately,  and  the  destruction 
of  the  dentin  that  follows  is  extensive.  The  opposite  occurs  in  the  better 
quality  tooth.  This  tendency  is  especially  tme  and  observable  among  the 
remains  of  prehistoric  peoples,  regardless  of  territorial  origin,  and  often  prevails 
among  li\'ing  primitives,  American  Negroids,  Mongoloids,  and  others  of  distinct 
identity.  Wear  of  the  teeth,  rather  than  decay,  gradually  reduces  the  cusps 
and  malformations  in  the  enamel.  Only  an  outline  on  the  highly  polished 
occlusal  surfaces  remains  to  indicate  the  previous  pits,  grooves  and  fissures. 
Secondan,^  dentin  formation  protecting  the  receding  pulp  usually  follows  in  such 
instances.  WTiere  such  enamel  quality  prevails,  its  entire  formation  appears 
highly  mineralized  and  the  cutting  properties  are  very  hard.  During  the  ex¬ 
amination  of  this  group  of  skulls,  and,  after  assortment,  the  quality  of  the  teeth 
was  classified  categorically  as  excellent,  good,  fair,  and  poor.  From  200  well- 
preser\’ed  skulls  the  following  ratio  seems  revealing.  This  consisted  of  147 
skulls  pos.sessing  excellent  teeth,  19  good,  31  fair,  and  3  poor  quality.  What 
this  ratio  indicates  with  respect  to  the  quality  of  teeth  among  prehistoric  man  is 
evident.  That  this  illustration  is  not  an  isolated  occurrence  among  a  single 
group  of  Indians  Is  equally  well-knowm.  The  shape,  size  and  length  of  the  roots 
were  found  to  correspond  accordingly  to  other  physical  characteristics  of  the 
respective  type  of  the  indi\'idual. 

-Anomalies,  deformities  and  distortions  of  various  kinds  from  which  neither 
man  nor  beast  was  ever  free,  were  also  shared  by  the  Indian  Knoll  folk.  Ap¬ 
proaching  the  most  contrasting  extremes  in  size  were  frequently  the  lower  third 
molars.  Some  were  excessively  large  while  others  were  undersized.  In  some 
instances  the  third  molars  of  either  jaw  were  either  malposed,  unerupted  or 
absent.  Similar  aberrations  and  anomalies  often  occurred  in  the  position  and 
arrangement  of  the  teeth  or  the  jaws  themselves.  But,  these  occurrences  are  of 
incidental  or  accidental  origin  and  due  to  a  host  of  causes.  Save  for  cross  blend 
alteration  in  the  morphology  and  other  successive  modifications  of  the  tooth 
structure,  all  instances  of  morbic  anatomy  like  any  other  form  of  mutilation, 
trauma,  and  deformity,  affect  only  the  first  person.  These  deformities  are  notof 
the  inherent  type  and  are  not  transmi.ssible.  However,  there  are  some  develop¬ 
mental  modifications  in  the  pattern  and  alignment  of  the  teeth  for  which  the 
-American  Indian  is  known.  The.se  mcxlifications  reveal  profoundly  the  tenden¬ 
cies  of  transmlssibility  of  develoj)ed  or  acquired  traits  as  long  as  they  are  confined 
to  an  Lsolate<i  f>eople  and  remain  free  from  admixture. 

No  more  striking  illustration  may  l)e  had  of  the  influences  of  transmissibility 
of  develoj)ed  traits  than  that  of  the  congenital  torsion  of  the  incisor  teeth,  or  the 
marginal  ridges  that  occur  usually  in  the  upfKjr  incisors.  It  is  generally  rec¬ 
ognized  that  these  particular  traits  prevailed  only  among  the  American  Indians. 
As  regards  the  torsion,  were  this  disharmony  in  arrangement  of  the  front  teeth 


Fig.  8.  A — Labial  mari'inal  ridpcs  passed  on  to  more  reeent  deseeiidants  of  aneestral 
stock.  Labial  surfaces  of  both  maxillary  first  incisors  show  raised  marKiiial  elevations. 
C'ompare  witli^'^.  7  sbowinn  linpial  marginal  ridjjes  ileseribed  by  llnllicka.  (Late  historic 
Indian  from  F'ort  .\ncient ,  Ohio,  made  available  from  the  Ohio  State  Museum  by  Dr.  U.  tJ. 
Mor^ian  and  photograplual  by  Dr.  Paul  ('.  Kitchin)  B  Labial  marginal  ridges  (Indian 
Knoll  of  Kentucky). 

lei  influence  of  reprtKluction  uml  transnii.s.si()n  from  parent  to  progeny.  When 
and  how  this  particular  alteration  in  the  shaiM*  of  the  incisor  teeth  had  come  into 
lieing  among  a  singled-out  group  of  people  such  as  the  .Vmerican  Indians  is  not 
yet  known.  It  is  safe  to  assert,  though,  that  the  depre.s.sed  labial  surface  of  the 
enamel,  with  the  raised  bordtu-  of  each  side  of  the  tooth  is  in  extreme  contriust 
to  the  round(‘d  or  convex  shap<‘,  universally  predominant  among  all  othei’s 
than  the  .\merican  Indians  and  the  Mongoloids.  This  anomaly  {Jitj.  S),  while 
distinct  in  its  appearance,  is  not  nearly  as  prominent  as  the  "shovel-shaped” 
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pi-evalent  only  among  the  aged  when  excessive  wear  and  shifting  of  the  teeth 
occur  at  that  stage  of  life  and  when  changes  are  common,  such  ob-servations 
woultl  be  subject  to  iiuestion.  Since  this  feature  is  found  also  existing  among 
children  leaves  little  doubt  that  this  trait  {Jiff.  (!)  is  fundamentally  e.stablished 
and  reintriMluced  to  succ<H*ding  gi'nerations.  Th(*  same  is  true  as  regards  the 
phenonuMial  labial  raised  marginal-ridges  which  are  no  doubt  a  progressively 
developed  structural  change  in  the  enamel  formation.  The.se,  too,  follow  a  paral- 
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maifiinal  ridsos  on  tlio  liiifiual  surfacos  of  the  incisors  originally  observed  and 
descrilK‘d  by  Hrdlicka  ijiff.  As  for  the  lingual  shovel  shape  feature  for 

which  the  prehistoric  American  Indian  is  known  not  only  still  persists  among 
the  living  Indians  but  occasionally  this  ])henomenon  is  observable  among  recent 
lau(»i)eans.  Where  this  feature  exists  among  modern  hairopeans,  the  depression 
of  the  crown  is  not  as  i)ronounced  as  found  among  the  early  Indians,  .\lso  the 
cingulum  is  fre(|uently  present  in  connection  with  shovel  pattern. 

SUMMARY 

Kxamination  of  skulls  of  the  Indian  Knoll  remains  disclose  a  substantial 
diversity  in  their  ])hysical  and  dental  morj)hology.  'Phis  consists  of  marketl 
variations  in  the  shape,  size,  structure,  configurations  and  bone  formation  of  the 
skulls  and  their  respective  jaws.  The  shapes,  sizes,  and  (luality  of  the  teeth 
also  vary  accordingly.  No  doubt  the  tendency  towards  these  divei’sities  was 
established  among  the  Indians  i)rior  to  their  reaching  the  western  hemisjdiere. 
S<»me  newly  developed  traits,  such  as  toi*sion  of  the  incisoi-s  and  the  raised 
labial  marginal  ridges  of  the  maxillary  incisoi-s,  may  have  occurred  after  reaching 
these  shores  and  have  been  transmitted  hereditarily.  The  incidence  of  tooth 
decay  was  com))aratively  veiy  low  among  the  prehistoric  Indians.  Likewise, 
the  tendency  towards  pericKlontal  disorders  was  not  as  prevalent  as  it  exists 
today.  It  occurred  only  amojig  those  having  reached  the  later  .stages  of  life. 
AIa.ssive  bone  foimation  of  the  alveolar  process  of  the  upper  and  lower  jaws, 
l^roviding  addtHl  suj)port  to  the  teeth,  are  distinguishing  features  among  the 
large  headed  tyix*s. 

Anomalies,  alxurations  and  malalignment  of  the  tet'th  had  fre(iuently  occurred 
among  the  American  Indians.  However,  dento-facial  deformities  and  maloc¬ 
clusion  as  they  exist  t(Hlay  were  rai’e  among  prehistoi'ic  man.  Wear  of  the  teeth 
varied  greatly:  The  (piality  of  the  teeth  and  the  pre.sence  of  abrasives  in  the 
food  were  the  chief  factors  for  the  various  degrees  of  weaix  h^xtensive  destnic- 
tion  of  the  jaw  bones  was  due  to  rai)id  and  exce.s.sive  wear  of  the  teeth,  exposure 
and  death  of  jadps  cidminating  in  necrosis  of  the  bone.  Secondary  dentin 
formation  had  often  preventecl  s<jme  individuals  from  experiencing  this  grue.some 
ordeal. 

The  writer  is  profoundly  (jra1<‘ful  to  Professor  William  S.  W(‘bb  (who  has  charge  of  the 
Indian  Knoll  Colleetion)  for  according  free  access  to  the  material  as  well  as  for  providing 
I>ertinent  an<l  helpful  guidance.  'I'o  Dr.  Charles  li.  Snow,  the  writer  is  greatly  indebtedfor 
the  personal  help  he  gave  in  examining  the  material.  Cure*  (‘rvedly,  I  share  with  him  the 
credit  for  this  and  olh<‘r  undertakings.  It  is  largely  due  io  Dr.  Snow’s  elTort.s  that  the 
<lental  examination  of  the  Northern  .Mabama  ami  Imliari  Knoll  remains  was  made  possible. 

Kitcliin  believes  that  the  d<‘presse(l  labi.al  surf:ic«‘  of  the  first  incisor  t«*efh  could  well 
be  an  accentuate<l  dc  xadopment  of  the  2  external  growth  centers  of  the  t(»oth  or  that  there 
may  be  a  lack  of  d«-velopment  of  the  middhr  growth  cent«-r  as  compared  to  the  peripheral 
on«*s.  (Kitchin,  I'aiil,  ('.,  Ohio  State  I’niversitj',  Columbus,  ()hi«t.  P«‘r8otiaI  com¬ 
munication. J 
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Clinical  observations  have  been  reported  indicating  that  tooth  decay  increases 
during  adolescence  and  comparing  the  amount  of  decay  suffered  by  males  with 
that  of  females  (1-7,  10-18).  These  reports  are  based  on  determinations  of  the 
numbers  of  decayed,  filled  or  missing  teeth.  There  must,  however,  be  a  lag 
between  the  time  when  the  susceptibility  to  decay  increases  and  the  time  when 
the  increased  decay  becomes  clinically  apparent.  In  the  present  study,  the 
results  of  tests  indicating  the  susceptibility  to  caries  at  the  moment  of  the  test  are 
presented  in  a  comparison  of  the  susceptibility  of  the  sexes  at  various  ages. 
Records  of  age,  sex  and  caries  susceptibility  of  3478  patients  from  the  Diagnosis 
Clinic  of  Northwestern  University  Dental  School  provided  the  material.  Bac¬ 
teriological  determination  of  caries  susceptibility  had  been  made  for  each  pa¬ 
tient,  and  chemical  determinations  for  some.  There  was  no  selection  of  patients 
as  to  age,  sex,  or  condition,  except  that  all  came  to  the  clinic  for  dental  service. 
Most  of  the  younger  people  appeared  at  the  clinic  because  of  tooth  decay.  The 
older  people  came  in  because  of  decay  and  also  because  of  gingival  and  periodontal 
disturbances  and  for  construction  of  prosthetic  appliances. 

METHOD 

The  bacteriological  determinations  of  caries  susceptibility  were  carried  out  by 
a  modification  of  the  method  used  by  the  Michigan  Group,  described  by  Hadley 
(9).  The  bacterial  counts  on  the  saliva  included  the  colonies  of  all  aciduric 
organisms — lactobacilli,  yeasts,  and  cocci.  For  most  of  the  patients,  the  saliva 
bacterial  counts  were  made  from  saliva  samples  (5-10  cc.)  collected  for  5  minutes 
under  stimulation  mth  paraffin  gum.  Samples  were  all  taken  between  9  a.m. 
and  4  p.m.  Chemical  determinations  of  susceptibility  by  the  method  of  Fosdick 
and  Hansen  (8)  were  made  for  458  patients. 

Reports  of  4-|-  bacterial  counts,  indicating  too  many  colonies  to  count,  were 
arbitrarily  given  a  value  of  500,000.  Means  were  determined  for  each  sex  at  each 
age  level.  It  was  found  that  exclusion  of  the  4-1-  cases  from  the  data  only  lowered 
the  mean  values,  without  changing  the  configuration  of  the  resulting  curves. 
The  means  of  the  chemical  determinations  were  computed.  Curves  for  the 
median  values  of  both  bacterial  and  chemical  determinations  were  substantially 
the  same  as  the  curves  for  the  mean  values. 

DATA 

For  each  age  and  sex  group  the  bacterial  counts  ranged  from  0  to  500,000. 
The  only  differences  between  groups  lay  in  the  locations  of  concentrations  of 

*  Received  for  publication  June  25,  1943. 
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cases  within  that  range,  as  reflected  by  differences  in  the  means.  In  view  of  the 
extreme  range  of  variation  in  each  group,  and  the  small  sizes  of  the  group  in 
proportion  to  the  range  of  variation,  the  differences  apparent  in  the  means  can 
be  interpreted  only  as  indicating  tendencies.  The  significance  is  increased, 
however,  where  the  results  of  the  chemical  and  bacterial  determinations  are  sub¬ 
stantially  in  accord.  The  groups  in  the  series  of  chemical  determinations  are 
small,  but  the  range  of  variation  is  also  small  (  —  1  to  +40  mg.).  The  numbers 
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Fig.  1.  MeaoB  of  saliva  bacterial  counts  with  4-f-  cases 


in  the  first  age  groups  (to  6)  are  so  small  that  the  results  for  those  groups  are  of 
questionable  worth. 

The  sizes  of  the  groups  are  given  in  Table  I. 

The  means  of  the  bacterial  counts  for  each  age  and  sex  group,  and  the  means 
of  the  determinations  in  the  chemical  tests,  are  showm  graphically  in  figs.  1  and  2. 
Fig.  3  shows  graphically  the  relative  numbers  of  patients  in  each  age  and  sex 
group  lying  within  the  arbitrary  bacterial  count  groups  0-1000,  1000-50,000, 
50,000  to  300,000,  and  over  300,000.  The  2  groups  below  50,000  would  be  con¬ 
sidered  to  be  caries  resistant  or  moderately  susceptible.  Those  over  50,000  would 
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Fig,  2.  Means  of  chemical  susceptibility  determinations 


Fig.  3.  Relative  numbers  of  patients  in  each  age  group  falling  within  stated  bacterial 

count  groups 

be  considered  highly  susceptible.  More  patients  lie  within  the  50,000-300,000 
group  than  in  any  of  the  others.  A  susceptibility  peak  for  males  at  16-18  years 
is  clear,  while  for  females  the  peaks  appear  at  13-15  and  19-21  years. 
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DISCUSSION 

All  results  indicate  that  caries  susceptibility  is  higher  during  the  ages  13-21 
than  before  or  after.  According  to  the  bacterial  counts,  males  are  more  sus¬ 
ceptible  than  females  up  to  the  age  of  18,  and  females  more  susceptible  from  19- 
21.  The  earlier  increases  in  susceptibility  may  coincide  with  changes  in  rate  of 
gro\\*th  or  development,  but  this  may  not  be  true  of  the  peak  susceptibility  for 
females  as  late  as  19-21  years.  The  chemical  determinations,  on  the  other  hand, 
indicate  that  the  peak  susceptibility  for  girls  occurs  from  16-18  years,  while  that 
for  boys  extends  from  16-21  years.  They  show  a  higher  susceptibility  for  girls 
than  for  boys  at  13-18  years,  and  higher  for  boys  at  16-21  years.  The  reasons 
for  the  differences  between  the  chemical  and  bacterial  results  are  not  apparent, 
but  it  is  of  interest  to  note  that  the  earlier  increased  susceptibility  to  decay 
shown  in  females  by  the  chemical  results  may  be  associated  with  their  earlier 
development  toward  maturity.  The  changes  in  susceptibility  may  be  due  to 
endocrine  changes,  differences  in  diet,  differences  in  salivary  secretion,  or  possibly 
other  factors. 


SUMMARY  AND  CONCLUSIONS 

1.  Bacterial  determinations  of  caries  susceptibility  have  been  made  on  saliva 
of  3458  patients.  Chemical  determinations  have  been  made  on  saliva  of  458 
patients.  The  results  have  been  considered  with  reference  to  the  age  and  sex  of 
the  patients.  Mean  values  have  been  determined  and  are  shown  graphically. 

2.  According  to  both  bacterial  and  chemical  determinations  of  caries  suscepti¬ 
bility,  susceptibility  of  both  males  and  females  tends  to  be  higher  at  some  time 
between  13  and  21  years  than  before  or  after. 

3.  According  to  bacterial  determinations,  greatest  susceptibility  for  males 
occurs  from  13-18  years  of  age  at  which  time  they  are  more  susceptible  than 
females.  Females  are  most  susceptible  at  19-21  years,  at  which  time  they  are 
more  susceptible  than  males. 

4.  According  to  chemical  determinations,  females  are  more  susceptible  to  caries 
than  males  at  13-15  years,  about  the  same  as  males  at  16-18  years,  and  less 
susceptible  at  19-21  years.  Peak  susceptibility  for  females  occurs  at  16-18  years, 
and  for  males  at  16-21  years.  Bacterial  and  chemical  results  do  not  agree  as  to 
the  time  when  peaks  of  susceptibility  occur. 
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CHEMICAL  STUDIES  ON  PERIODONTAL  DISEASE*— I 

D.  B.  LAW,  D.D.S.,  M.S.,*  M.  BERG,  Ph.D.*  and  L.  S.  FOSDICK,  Ph.D. 
Northwestern  University  Dental  School,  Chemistry  Department,  Chicago,  III. 


The  causes  and  nature  of  the  periodontal  disease  usually  known  as  pyorrhea 
alveolaris  have  been  under  discussion  for  many  years.  At  intervals  new  theories 
concerning  the  etiology  of  this  disease  have  appeared.  The  condition  has  been 
attributed  to  luic  acid  (1,  2,  3),  senility  (4),  salivary  (5)  and  serumal  calculus 
(6),  mechanical  irritations  (7,  8,  9,  10,  11),  micro-organisms  (12, 13),  including 
amoebae  (14,  15),  occlusal  trauma  (16,  17,  18,  19),  and  physiological  disturb¬ 
ances  (10). 

Because  of  so  much  contradictory  evidence  it  is  extremely  difficult  to  arrive  at 
any  definite  conclusions  concerning  the  role  of  many  of  the  factors  that  have  been 
indicated  as  influencing  the  disease.  From  the  evidence  at  hand  it  would  seem 
that  2  major  factors  are  involved,  local  and  the  systemic.  Many  believe  that  the 
former  is  of  major  importance,  while  others  hold  that  the  latter  is  the  primary 
cause.  Nevertheless,  most  authors  suggest  that  both  are  involved.  In  view  of 
the  fact  that  many  people  with  good  occlusion  and  exceptionally  clean  mouths 
develop  the  condition  while  others  with  poor  occlusion  and  extremely  dirty  mouths 
do  not,  it  would  seem  that  local  factors  are  not  alone  involved.  This  would 
indicate  that  certain  individuals,  normally,  have  either  more  or  less  resistance,  or 
more  or  less  susceptibility  to  the  disease,  regardless  of  the  obvious  local  conditions 
of  the  mouth. 

A  review  of  this  literature  reveals  that  most  of  the  research  concerning  perio¬ 
dontoclasia  has  been  primarily  clinical,  bacteriological,  or  histo-pathological  in 
nature,  with  little  emphasis  on  the  exact  chemical  reactions  that  occur  during  the 
progress  of  the  disease.  On  this  basis,  it  is  thought  that  a  chemical  study  of  the 
normal  and  diseased  oral  tissues  and  saliva  should  3deld  some  information  con¬ 
cerning  the  disturbances  that  occur  during  the  disease,  and  p)erhaps  shed  some 
light  on  the  fundamental  causes. 

Pelzer  (20)  compared  the  phosphatase  in  blood  from  the  gingivae  with  that 
from  the  finger.  He  found  that  in  many  cases  there  was  a  marked  difference, 
particularly  in  those  cases  exhibiting  bone  destruction  of  the  alveolar  crest. 
Although  the  method  used  would  not  yield  accurate  results  on  the  initial  rate  of 
reaction,  the  differences  they  observed  were  of  considerable  magnitude.  These 
differences  in  phosphatase  activity  may  furnish  valuable  information  concerning 
the  bone  disturbances. 

*  This  work  was  done  under  grants  from  the  Colgate-Palmolive-Peet  Company  and  the 
Lambert  Pharmacal  Company.  Received  for  publication  June  25,  1943. 

*  Part  of  this  work  was  submitted  in  partial  fulfillment  of  the  requirements  for  the  degree 
Master  of  Science  in  Chemistry. 
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Clinical  obsen’ation  has  indicated  that  the  main  characteristics  of  the  disease 
are  a  destruction  of  the  periodontal  inv'esting  tissues,  accompanied  by  a  serous 
and  a  purulent  exudation.  As  a  rule,  there  is  also  an  irritation  of  the  gingivae. 
There  are  some  indications  that  the  normal  oral  flora  may  be  changed  during 
the  progress  of  the  disease,  with  an  increase  of  spirochetal  forms  as  the  predomi¬ 
nant  change.  However,  it  is  thought  by  some  that  exceptionally  dirty  mouths 
may  have  the  same  type  of  oral  flora  as  those  mouths  in  which  periodontosis  is 
observ  ed,  and  still  have  no  gingival  involvement. 

On  the  basis  of  what  is  known  concerning  the  changes  which  occur  during 
periodontosis,  the  only  chemical  change  is  the  destruction  of  the  periodontal 
membrane,  with  attendant  bone  involvement.  This  would  suggest  that  there  is 
a  hydrolj'sis  of  the  protein  material,  and  as  periodontosis  is  accompanied  by  an 
abnormally  high  putrid  odor  concentration  (21),  putrefaction  of  protein  is  also 
present. 

Although  the  exact  chemical  nature  of  the  early  stages  of  protein  degradation  is 
not  definitely  knowm,  it  is  thought  by  many  to  be  a  hydrolysis,  and  there  is  much 
eWdence  to  indicate  that  this  is  the  case  (22) .  After  the  initial  stage  of  hydrolysis 
to  proteoses,  peptones,  and  amino  acids,  several  types  of  chemical  reactions  are 
kno^^■n  to  occur,  either  separately  or  concurrently.  The  proteoses  and  peptones 
may  be  further  hydrolyzed  to  amino  acids;  or  they,  as  well  as  the  amino  acids, 
may  be  oxidized,  reduced,  deaminized,  or  decarboxylized.  In  any  event,  there 
is  a  marked  production  of  such  compounds  as  indole,  skatole,  tyramine,  cadaver- 
ine,  putrescine,  mercaptans,  and  sulfides. 

The  degradation  of  proteins  may  be  accomplished  in  many  ways.  However,  in 
the  body  its  only  probable  means  of  occurence  is  through  the  proteolytic  and 
putrefactive  enz^unes.  It  is  knov^m  that  certain  of  the  proteolytic  enzymes  can 
occur  naturally  in  the  body,  but  in  the  mouth  most  of  the  proeolytic  and  putre¬ 
factive  enzymes  are  probably  derived  from  bacteria.  It  is  known  that  certain 
bacteria,  including  some  which  are  natural  inhabitants  of  the  mouth,  possess 
proteolytic  enzymes  and  under  certain  conditions  can  hydrolyze  and  d^rade 
proteins.  ^Vmong  the  organisms  that  possess  this  property  are  staphylococci, 
BaciWuH  mhtilis,  liacillus  proteus,  Bacillus  pyocyaneus,  the  colon  bacilli,  the  melan- 
ogenicum,  clfjstridium.  Bacillus  sporogenes,  Bacillus  histolicum,  and  Treponema 
mucosum.  In  view  of  the  fact  tliat  many  of  these  organisms  occur  naturally  in 
the  mouth,  even  in  cases  where  periodontosis  is  absent,  it  would  seem  that  there 
must  l>e  certain  factors  which  accelerate  the  destruction  of  protein  material  in 
some  cases,  while  in  nonnal  mouths  this  accleration  does  not  occur. 

The  degree  of  putrefaction  may  be  determined  by  several  methods.  The 
amount  of  hydrolysis  may  Ije  measured  by  chemical  means;  the  end  products  of 
putrefactiim,  such  as  indole  and  skatole,  may  be  measured;  or,  as  putrefaction  is 
always  accompanied  by  foul  smelling  compounds,  it  Is  possible  that  the  putre¬ 
faction  may  lie  followed  by  means  of  the  osmoscope,  which  measures  odor  con¬ 
centration.  Instifar  as  very  few  chemical  tests  are  available  for  measuring  the 
usual  end  [inxlucts  of  putrefaction  in  small  quantities,  the  chemical  methods  of 
determining  putrefaction  are  extremely  difficult.  However,  the  amount  of 
hydrolysis  can  lie  readily  determine<i  by  means  of  the  formol  titration  method. 
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and  the  odor  concentration  can  be  readily  determined  by  means  of  the  osmo- 
scope.  This  paper  contains  the  results  of  a  preliminary  study  on  the  rate  of 
putrefaction  of  the  salivary  proteins  as  measured  by  the  osmoecope  and  by  means 
of  the  formol  titration  method. 


EXPERIMENTAL 

Patients  were  selected  from  those  applying  at  the  University  dental  clinic  for 
service.  A  complete  mouth  examination  was  made,  and  only  those  presenting 
no  gingival  disturbance  or  those  in  an  advanced  stage  of  periodontosis  wrere  se¬ 
lect^.  This  was  done  in  order  to  eliminate  uncertainty  over  border-line  cases 
and  to  make  apparent  any  differences  fundamental  to  the  two  groups. 
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About  30  cc.  of  paraffin-stimulated  saliva  was  gathered,  care  being  taken  to 
maintain  the  saliva  at  37.5®C.  during  the  perio<l  of  collection.  The  saliva  was 
gathered  in  heat  serilize<l  flasks. 

As  soon  as  the  saliva  w'as  collected,  the  wlor  intensity  was  measuretl  by 
means  of  the  osmoscope,  a  sample  was  removed  for  the  formol  titration,  and  the 
flask  containing  the  remaining  saliva  was  placetl  in  an  incubator  at  37.5°C.  .\t 
half  hour  intervals  for  a  period  of  3  hours,  the  sample  was  removinl  from  the 
incubator  and  the  odor  intensity  was  measured.  In  mldition  to  this,  at  the  eiul 
of  1  and  3  hours,  small  samples  w'ere  removal  for  a  formol  titration.  The  rest 
of  the  saliva  was  then  allowed  to  incubate  for  an  adtlitional  21  hours,  ami  then 
another  osmoscope  reading  and  formol  titration  were  made. 

The  formol  titration  w’as  performe<l  according  to  the  metluxl  of  Ilenriques- 
Sorensen  (23).  A  2  cc.  sample  of  saliva  was  plactnl  in  a  small  Ix'aker  and  5  cc. 
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of  freshly  distilled  water  was  added.  This  was  then  neutralized  with  .01  N 
COr-free  NaOH  to  phenolphthalein,  and  1  cc.  of  a  freshly  prepared  neutral 
fonnalin  was  added.  The  sample  was  again  titrated  with  the  .01  N  NaOH, 
phenolphthalein  being  used  as  an  indicator.  The  amount  of  hydrolysis  was 
expressed  in  terms  of  mil  equivalents  of  NaOH  required  to  neutralize  1  liter  of 
saliva. 

The  rate  of  putrefaction  as  measured  by  the  increase  in  odor  intensity  was 
determined  on  the  saliva  of  163  normal  cases  and  145  pathological  cases.  The 
rate  of  hydrolysis  of  the  proteins  was  measured  on  the  saliva  of  40  pathological 
cases  and  31  normal  cases.  All  of  the  cases  on  which  the  formol  titration  was 
performed  were  also  measured  by  means  of  the  osmoscope.  The  results  of  these 
measurements  are  shov^m  in  figs.  1  and  2. 


RESULTS 

As  can  be  seen  from  the  graphs,  the  average  results  indicate  that  there  are 
differences  in  the  rate  of  putrefaction  of  the  salivary  proteins  from  the  normal 
and  pathological  cases.  In  general,  the  odor  concentration  of  the  fresh  saliva 
from  the  norxnal  individuals  was  rather  low.  Furthermore,  the  results  were 
quite  consistent.  The  initial  readings  were  never  greater  than  pO  2.  Most 
of  the  cases  liad  a  salivary  pO  of  1,  although  a  number  of  the  salivas  had  no  odor 
detectable  with  tlie  osm<jscoi)e. 

The  odor  concentration  of  the  freshly  collected  saliva  from  the  pathological 
cases  was  much  more  variable.  The  initial  odor  concentration  varied  from  pO  1 
to  i>0  5.  Most  of  the  cases,  however,  had  initial  salivary  pO  values  of  1  or  2. 
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After  the  saliva  was  incubated,  the  odor  concentration  increased  rapidly  in 
both  the  saliva  from  the  normal  and  pathological  cases.  In  general  the  saliva 
from  the  normal  individuals  had  an  exceedingly  objectionable  odor  after  the 

1  hour  incubation;  and  in  many  cases,  at  the  end  of  3  hours  the  odor  was  so 
intense  that  it  could  not  be  accurately  measured  by  means  of  the  osmoscojie. 
The  saliva  from  the  pathological  cases  was  usually  rather  putrid  before  incuba¬ 
tion,  and  at  the  end  of  1  hour  all  cases  had  a  pO  of  3  or  greater.  At  the  end  of 

2  hours,  the  odor  concentration  of  many  of  the  samples  was  pO  6  or  above. 
Insofar  as’the  osmascope  will  only  measure  to  a  pO  value  of  6,  the  higher  values 
as  shown  on  the  curv’e  are  rather  inaccurate. 

The  averages  for  the  formol  titration  indicated  that  there  was  a  considerable 
difference  between  the  rates  of  hydrolysis  of  the  proteins  of  the  2  types  of  saliva. 
In  general  the  measurements  agreed  quite  well  with  the  increase  in  odor  con¬ 
centration,  although  the  hydrolysis  of  the  saliva  from  the  normal  cases  was  not 
so  rapid  as  would  be  expected  from  the  odor  measurements.  In  the  normal 
cases  there  was  a  decrease  in  the  acceleration  after  the  one  hour  period. 

The  individual  results  were  not  nearly  so  consistent  as  the  averages  indicate. 
The  initial  values  varied  materially  from  one  patient  to  another.  In  the  saliva 
from  a  few  of  the  immune  cases  there  was  a  100%  deviation  from  the  mean. 
However,  in  most  cases  the  trend  persisted  throughout  the  test  period,  so  that 
the  hydrolysis  increment  was  a  much  more  consistent  measure  than  the  absolute 
values.  The  variation  in  the  initial  measurements  on  the  saliva  from  the 
pathological  cases  showed  a  much  greater  variation  than  in  the  saliva  from  the 
normal  cases.  This  may  indicate  that  various  mouths  have  either  a  marked 
variable  protein  content  or  that  varjdng  degrees  of  putrefaction  normally  exist  in 
different  mouths. 

Although  the  averages  indicate  that  in  general  there  is  a  considerable  difference 
in  the  rate  of  hydrolysis  between  the  salivary  proteins  of  normal  cases  and  those 
suffering  from  pyorrhea,  the  indde  variations  observed  make  these  obser\’ations  of 
little  value  as  a  diagnostic  measure. 

DISCUSSION 

In  view  of  the  foregoing  data  there  is  little  question  that  in  general  the  saliva 
from  mouths  with  periodontal  disease  will  decompose  more  rapidly  than  saliva 
from  normal  mouths.  Nevertheless,  the  wide  variation  which  was  observetl, 
particularly  in  the  initial  values,  both  with  the  formol  titration  and  with  the 
osmoscope,  greatly  reduces  the  value  of  this  work.  The  results  would  seem  to 
indicate  that  putrefaction  is  either  not  a  primary  factor  in  periodontosis  or  that 
the  methods  used  in  measuring  it  are  not  true  criteria  of  the  process  of  putre¬ 
faction. 

When  one  considers  the  probable  mechanism  of  putrefaction,  it  may  well  lx* 
that  many  other  methods  of  analysis  must  be  used  before  the  true  relatiuiiship 
can  be  established.  It  is  generally  conceded  that  the  process  consists  of  a  hytlro- 
lysis  of  the  protein  and  that  this  is  followed  by  or  accompanied  by  oxidations, 
reductions,  decarboxylations  and  deaminizations.  It  is  further  assumed  that 


378 


D.  B.  LAW,  M.  BERG  AND  L.  S.  POSDICK 


each  of  the  above  tj-pes  of  reactions  is  governed  by  enzjTne  systems  and  that  the 
exact  path  followed  in  the  putrefactive  process  is  dependent  among  other  things 
upon  the  particular  enzjTne  system  present  in  the  substrate.  In  the  above  woric, 
the  formol  titration  jnelds  information  on  the  number  of  free  carboxyl  groups 
present  at  the  time  of  analysis.  The  number  of  free  carboxyl  groups  would  in 
turn  depend  not  only  upon  the  amount  of  hydrolysis,  but  also  upon  the  amount 
of  decarboxylation.  Thus,  if  the  reactions  involving  decarboxylation  were  rapid, 
the  increase  in  free  carboxjd  groups  during  putrefaction  would  be  negligible.  In 
■view  of  the  many  changes  that  can  occur,  it  is  clear  why  many  differences  were 
obtained  in  the  individual  cases.  The  fact  that  average  differences  did  occur  is 
evidence  that  general  trends  are  present  when  the  saliva  is  all  treated  in  a  similar 
manner. 

The  production  of  odor  during  putrefaction  is  a  very  common  observation,  but 
as  3^et  there  has  been  verj'  little  research  concerning  this  phenomenon.  It  is 
generally  considered  that  the  odors  are  produced  by  such  end  products  as  skatole, 
indole,  sulphides  and  cadaverine.  The  products  result  from  the  oxidation,  re¬ 
duction  and  decarbox>dation  of  amino  acids  or  hydrolyzed  protein.  The  very 
fact  that  there  is  a  rapid  increase  in  odor  concentration  would  tend  to  indicate 
that  the  oxidation,  reduction  and  decarboxylation  may  take  place  quite  rapidly, 
thus  destrojdng  much  of  the  cleavage  products  of  protein  which  would  be  ex¬ 
pected  to  respond  to  the  formol  titration.  The  fact  that  in  general  the  results 
of  both  tests  coincide  closely  indicates  that  all  of  the  reactions  involved  are 
materially  increased  in  the  saliva  of  patients  suffering  from  periodontosis.  Fur¬ 
thermore,  the  change  in  slope  of  the  normal  group  in  fig.  2,  which  is  not  reflected 
in  the  results  on  odor  concentration,  may  indicate  that  the  hydrol3d.ic  reactions 
are  materially  inhibited  and  that  the  other  reactions  involved  are  not  materially 
changed. 

From  the  above  work  it  is  quite  obvious  that  before  any  conclusion  can  be  made 
concerning  any  role  of  putrefaction  in  periodontal  disease,  more  data  concerning 
the  process  of  putrefaction  and  more  analytical  data  on  the  various  products  must 
be  procured. 

SUMMARY 

The  rate  of  putrefaction  of  saliva  as  measured  by  means  of  the  osmoscope  and 
the  formol  titration  has  been  studied.  Although  the  saliva  from  individuals 
suffering  from  periodontal  disease  in  general  decomposes  more  rapidly  than  that 
from  normal  mouths,  the  individual  variations  are  quite  marked. 

The  authors  wiah  to  thauk  Dr.  William  Skillen  and  Dr.  G.  B.  Denton  for  their  assistance. 
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USE  OF  METAL  PLATES  FOR  TESTING  THE  ABRASIVENESS 
OF  DENTIFRICES' 

M.  L.  TAINTER  and  SIDNEY  EPSTEIN 

The  Department  of  Physiological  Sciences,  College  of  Physicians  and  Surgeons,  A  School  of 
Dentistry,  San  Francisco,  Cal. 

The  importance  of  the  abrasiveness  of  dentifrices  arises  from  the  fact  that 
this  property  controls  the  amount  of  wear  or  scratching  that  long  continued 
use  of  the  product  may  cause  on  teeth.  Therefore,  the  abrasiveness  should 
be  measured  directly  on  teeth,  and  abrasive  power  should  be  expressed  in  terms 
of  abrasive  loss  of  tooth  stnicture,  unless  it  caK  be  demonstrated  that  this  can 
be  determined  or  expressed  more  readily  by  some  indirect  procedure.  We  have 
recently  and  rather  exhaustively  studied  the  conditions  under  which  reproducible 
measurements  of  abrasion  of  enamel  may  be  secured  (1),  and  reported  that, 
when  as  many  as  72  measurements  on  a  given  powder  were  averaged,  the  vari¬ 
ability  of  the  average  was  about  ±15%.  This  relatively  large  error  results 
from  the  great  variability  in  the  hardness  and  resistance  of  the  enamel,  not 
only  of  an  indi^^dual  tooth,  but  also  in  different  areas  within  each  tooth.  This 
condition  has  been  long  recognized,  and  has  led  to  the  substitution  of  more 
uniform  materials  as  test  objects. 

Glass  microscope  slides  are  used  by  the  federal  government  as  objects  to  be 
abraded  by  dentifrice  materials  under  test.  This  glass  slide  procedure  can 
be  made  to  give  useful  information,  if  done  under  carefully  controlled  conditions, 
as  we  have  recently  shown  (2).  That  paper  may  be  consulted  for  a  review  of  the 
literature  and  a  discussion  of  the  technic  employed  with  the  slides.  However, 
in  our  hands  at  least,  the  variability  observed  writh  individual  products  was  so 
great  that  it  seemed  unlikely  that  a  test  on  the  glass  slides  could  give  more  than 
a  rough  qualitative  idea  as  to  the  probable  range  of  abrasiveness  of  the  product 
in  question.  The  greatest  field  of  usefulness  of  this  procedure  would  seem  to 
be  to  detect  material  contaminated  writh  small  amounts  of  highly  abrasive 
substances,  which  would  be  likely  to  scratch  the  enamel. 

In  \'iew  of  these  apparent  limitations  on  the  information  obtainable  with 
glass  slides,  it  w’as  considered  desirable  to  extend  the  observations  to  metal 
plates,  as  has  also  been  done  by  others,  to  see  w'hether  these  might  be  more 
useful. 

METHODS 

The  metal  plates  consisted  of  chemically  pure  antimony  or  silver,  cast  to  tit 
the  cups  of  our  abrasion  machine  (1),  or  pure  copper  plates  machined  to  fit. 

^  Supported,  in  part,  from  grants  from  the  American  College  of  Dentists,  and  the  Cali¬ 
fornia  State  Dental  Association.  Received  for  publication  June  25,  1943. 
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These  were  polished  to  a  bright  surface  before  being  used  for  the  first  time, 
but  otherwise  had  no  special  treatment  designed  to  affect  their  hardness.  The 
hardness  of  these  plates  were  measured  by  members  of  the  staff  of  the  National 
Bureau  of  Standards,  whose  helpfulness  in  this  and  other  matters  is  much  ap¬ 
preciated  (9).  They  used  a  Rockwell  Superficial  Hardness  Tester  with  a  15  Kg. 
load  applied  through  a  ^  inch  hardened  steel  ball  (Rockwell  15  T  scale).  Three 
or  more  tests  were  made  on  each  surface.  The  average  hardness  for  the  copper 
was  47,  for  the  antimony  49,  and  for  the  silver  23.5. 

Each  plate  was  about  3  mm.  thick,  and  was  numbered  to  correspond  to  the 
cup  in  which  it  fit.  These  plates  were  washed  with  distilled  water,  alcohol  and 
then  ether,  dried,  and  w’^eighed  individually  on  an  analytical  balance  to  0.1  mgm. 
With  the  copper  plates  the  weights  were  reproducible  on  successive  washings  and 
weighings  \\'ithin  an  average  of  ±0.39  mgm.,  with  the  antimony  ±0.025  mgm., 
and  with  the  silver  ±0.1  mgm. 

After  the  control  weighing,  12  plates  of  one  of  the  metals  were  put  in  the  12 
cups  of  the  abrasion  testing  machine.  Each  cup  was  filled  with  a  slurry  of  a 
preparation  or  material  to  be  tested.  The  slurry  was  made  into  a  semiliquid 
mass  by  adding  just  enough  liquid,  consisting  of  equal  volumes  of  water  and 
glycerine,  to  allow  it  to  flow  freely  over  the  surface  of  the  plate,  and  yet  be  too 
viscous  to  permit  any  sedimentation  under  the  conditions  of  agitation  produced 
by  the  brushing.  Glycerine  and  water  were  selected  as  the  moistening  mixture 
to  minimize  any  possibility  of  change  of  viscosity  during  the  test  by  evaporation 
of  the  water.  Brushes  with  hard  synthetic  bristles  were  adjusted  into  the 
brush  holders  so  that  the  bristles  rested  evenly  on  the  plates,  as  depicted  in  the 
previous  paper  (1).  Then  the  machine  was  allowed  to  run  for  20,000  strokes. 
The  plates  were  removed,  washed,  dried,  and  reweighed,  and  the  loss  of  weight 
recorded  as  a  measure  of  the  amount  of  abrasion.  The  plates  were  used  re¬ 
peatedly  without  repolishing  the  surfaces  between  determinations. 

On  any  one  day  each  cup  contained  a  different  dentifrice.  These  materials 
were  systematically  rotated  in  position  to  the  adjoining  cup  for  each  of  6  days, 
BO  that  6  readings  on  different  plates  were  obtained  for  each  product. 

The  mean  abrasion  for  each  product  and  its  variance  was  calculated  in  the 
usual  manner.  The  standard  error  of  the  mean  averaged  only  ±  14%,  indicating 
a  degree  of  reliability  with  6  metal  plates  as  good  as  that  achieved  on  enamel  from 
72  readings.  Hence,  there  is  no  doubt  that  the  metal  plates  were  much  more 
uniform  than  the  teeth,  as  was  to  be  expected. 

The  products  tested  for  abrasion  on  the  metals  were  those  which  had  been 
thoroughly  studied  previously  as  to  particle  size,  etc.,  and  whose  abrasion  for 
enamel  had  been  already  measured  and  reported  (2,  3,  4,  8).  The  amounts  of 
abrasion  which  these  materials  produced  on  enamel  were  compared  with  those 
on  the  metal  plates,  to  see  if  there  were  a  correlation  between  them  which  would 
permit  the  results  on  the  metal  plates  to  be  used  to  predict  the  effects  on  human 
enamel.  Both  enamel  and  plates  were  tested  on  the  same  machine.  These 
results  may  now  be  presented  for  each  metal. 
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COPPER  PLATES 

Twelve  products  were  tested  on  the  copper  plates,  each  one  being  run  on  6 
different  days,  so  as  to  give  a  better  average  value.  Since  the  same  plates  were 
used  each  day  without  resurfacing,  the  problem  of  surface  flow  causing  a  surface 
hardening  which  would  diminish  the  amount  of  abrasion  had  to  be  considered. 

TABLE  I 


Average  abrasion  of  copper,  antimony  and  silver  plates  with  dentifrice  materials  on  6  successive 

days 


DAY 

AVEttAGB  ABBASION 

Copper 

Antimony 

Silver 

Mgm.  1 

%• 

mgm. 

mgm. 

■■■■■■■ 

1 

8.0 

19.2 

182.7 

2 

7.1 

20.0 

107.0 

3 

6.7 

20.4 

14.3 

99.0 

4 

7.8 

19.2 

13.9 

68.9 

5 

6.6 

20.1 

12.7 

83.9 

6 

7.0 

21.8 

12.4 

60.7 

*  See  text  for  method  of  calculation  of  percent  abrasion  for  the  silver  plates. 


TABLE  II 


Correlation  between  the  abrasion  of  human  enamel  and  copper  plates  by  IS  dentifrices  and 

dentifrice  ingredients 


UATEBIAL 

AVEKAGE  LOSS  OF 
WEIGHT  OF  COPPER 
PLATE 

AVERAGE  ABRASION 
OF  ENAMEL  PER* 
CENT  OF  CONTROL 

Magnesium  carbonate  U.S.P . 

84 

Teel  Liquid  Dentifrice . 

17 

Magnesium  trisilicate . 

3.03 

142 

Calcium  carbonate  U.S.P.  control . 

3.17 

100 

Tricalcium  phosphate  “Victor” . 

4.10 

91 

Pepsodent  Polishing  Agent . 

4.75 

227 

Dicalcium  phosphate  1-5  microns . 

4.80 

75 

Calcium  carbonate  1-5  microns . 

5.83 

112 

Dicalcium  phosphate  “Victor” . 

6.85 

107 

Magnesium  oxide  light  U.S.P . 

8.83 

98 

Craig-Martin  Tooth  powder . 

19.65 

47 

Fullers’  earth . 

20.75 

122 

As  all  the  powders  were  used  each  day,  the  average  daily  abrasion  should  have 
decreased  progressively  if  hardening  developetl. 

In  Table  I  are  presented  the  average  values  by  days.  It  can  be  seen  that, 
while  there  may  have  been  a  slight  decrease  in  abrasion  of  the  copper  after  the 
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first  day,  the  change  was  not  regular  nor  progressive,  and  was  not  great  enough 
to  exceed  definitely  the  standard  error  of  the  values.  Hence,  successive  incre¬ 
ments  of  20,000  strokes  did  not  produce  a  significant  change  in  the  hardness 
of  the  copper.  This  was  confirmed  by  the  hardness  tests,  which  showed  an  un¬ 
changed  value  of  46.5  on  the  abraded  surfaces,  checking  well  with  the  value  of  47 
for  the  areas  not  abraded  (9). 

In  Table  II  are  tabulated  the  abrasion  of  the  enamel  and  plates  for  the  products 
tested.  This  data  and  the  distribution  of  the  values  shown  graphically  in 
fig.  1  leave  no  doubt  that  there  was  no  correlation  between  the  effects  on  human 
enamel  and  the  amount  of  wear  on  the  plates.  In  fact  calculation  showed  that 
the  correlation  coefficient  between  the  2  sets  of  data  was  —0.08  ±0.29. 


SILVER  PLATES 
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Fig.  1  Fig.  2 

Fig.  1.  Correlation  between  degree  of  abrasion  by  12  dentifrice  products  for  human 
enamel  and  copper  plates.  Abrasion  of  teeth  is  calculated  as  percentage  of  that  produced 
by  control  calcium  carbonate  powder. 

Fig.  2.  Correlation  between  degree  of  abrasion  by  12  dentifrice  products  for  human 
enamel  and  silver  plates. 

In  the  light  of  these  results  it  Is  obvious  that  the  abrasion  on  copper  plates 
cannot  lie  used  to  predict  the  effects  on  human  enamel. 

SILVER  PLATES 

Plates  cast  from  pure  silver  were  also  tested  in  the  same  way  as  those  from 
copper.  Surface  hardening  was  probably  present,  as  shown  in  Table  I,  since 
the  average  abrasion  for  the  products  on  the  first  day  of  16.8  mgm.  decreased 
to  12.4  mgm.  on  the  sixth  day.  However,  these  values  do  not  represent  the 
true  proportionate  magnitude  of  the  change  in  hardness,  because  the  average 
losses  in  mgm.  are  made  up  of  the  averages  of  a  few  compounds  which  caused 
much  abrasion  and  many  which  caused  little,  and  therefore  did  not  change 
the  average  to  a  proportionate  degree. 

A  more  illuminating  methixl  of  calculating  this  was  to  translate  the  amount 
of  abrasion  on  each  plate  each  day  into  a  |>ercentag(‘  of  the  final  average  for  that 
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particular  product.  This  gave  an  equal  weight  to  the  effects  of  each  material. 
WTien  this  was  done  the  percentages  in  the  last  column  of  Table  I  were  obtained. 
It  can  be  seen  that  the  abrasion  was  183%  of  the  overall  average  on  the  first 
day,  and  only  61%  on  the  last,  indicating  a  decrease  of  two-thirds  in  the  pro¬ 
portionate  abrasion  in  the  6  day  period.  The  standard  errors  of  these  means 
were  only  32%  and  11%,  respectively,  so  there  can  be  no  doubt  that  there  was  an 
important  surface  hardening  effect  with  progressive  brushing.  However,  this 
did  not  show  up  on  the  Rockwell  hardness  tests,  since  the  abraded  surfaces  had 
e.xactly  the  same  hardness  as  the  unabraded.  Probably  the  material  of  increased 
hardness  was  confined  to  a  very  thin  surface  film  (9). 


TABLE  III 

Correlation  between  the  abrasion  of  human  enamel  and  silver  plates  by  12  dentifrices  and 

dentifrice  ingredients 


MATERIAL 

AVERAGE  LOSS  OP 
WEIGHT  OP  SILVER 
PLATE 

AVERAGE  ABRASION 
OP  ENAMEL  PER¬ 
CENT  OP  CONTROL 

Teel  Liquid  Dentifrice . 

17 

Leslie’s  Iodized  Salt . 

88 

Pycope’  Tooth  Powder . 

68 

Bicarbonate  of  Soda  (Arm  and  Hammer  brand) . 

47 

128 

Williams  Dental  Powder . 

1  .1.1  1 

162 

Calcium  carbonate  U.S.P.  control . 

100 

fiilriiim  carbonate  “Sturge — .50” . 

158 

Tricalcium  phosphate — “Victor” . 

91 

Squibb’s  Tooth  Powder . 

17.0 

201 

Zanol  Tooth  Powder . 

63.2 

92 

Revelation  Tooth  Powder . 

63.5 

69 

In  Table  III  is  set  forth  the  correlation  between  the  average  loss  of  weight  of 
these  silver  plates  and  the  enamel  for  the  products  tested.  These  values  and  the 
scatter  diagram  of  fig.  2  leave  no  doubt  that  increased  abrasiveness  for  enamel 
was  not  associated  w  ith  proportionate  increase  in  abnision  on  the  silver  plates. 
The  fact  that  surface  hardening  was  occurring  wouUl  not  affect  these  results  ex¬ 
cept  to  change  the  absolute,  but  not  the  relative, amount  of  abrasion.  Therefore, 
it  would  appear  that  tests  made  on  silver  plates  would  Ih>  of  little  value  in  predict¬ 
ing  the  amount  of  abrasion  a  given  priHluct  might  cause  on  the  enamel  of  human 
teeth. 

Ray  and  (’ha<len  (5)  previously  ilschI  silver  plates  for  a  part  of  their  study 
of  abnision.  They  demonstrated  scratches  ami  abrasion  of  silver  surfaces  from 
the  action  of  powdem,  and  assumed  that  a  similar  effect  would  he  exerted  on 
those  parts  of  the  teeth  of  similar  hardne.ss.  However,  they  apparently  made 
no  determinations  on  teeth  at  all,  so  that  there  is  no  factual  basis  in  their  work 
to  justify  transferring  their  results  on  metals  to  human  teeth. 
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ANTIMONY  PLATES 

Plates  of  antimony  also  were  used  by  Ray  and  C’haden  for  testing  a  series  of 
dentifrice  materials,  the  plates  being  weighed  after  being  abraded  on  a  revolving 
plate  (5).  The  losses  were  reported  after  2  consecutive  tests  of  2,500  revolutions 
each.  The  second  test  showed  practically  the  same  amount  of  abrasion  as  the 
first,  so  that  no  evidence  of  surface  hardening  was  observed.  There  was  a  24- 
fold  difference  between  the  least  abrasive  and  most  abrasive  material  for  the 
antimony  plates,  from  which  these  authors  conclude  “that  an  enormous  dif¬ 
ference  in  the  abrasive  powers  of  tooth  pastes  exists;  and  that  on  the  softer  parts 
of  the  tooth  structure,  i.e.,  the  dentin  and  cementum,  a  toothpaste  such  as  ‘0’ 
is  about  25  times  as  abrasive  as  a  toothpaste  such  as  ‘A’.  These  tests  also 
indicated  that  certain  calcium  phosphates  were  much  less  abrasive  than  the  best 
of  chalks  or  precipitated  carbonates  when  used  on  tooth  structure  comparable 
with  antimony  in  hardness.”  Inasmuch  as  there  is  no  indication  that  they 
made  any  tests  on  teeth,  their  assumption  that  the  antimony  plate  results  can 
be  transferred  directly  to  teeth,  because  of  a  similarity  in  hardness,  seems  un¬ 
warranted. 

Four  years  later,  Wright  and  Fenske  (6)  used  the  same  type  of  machine  to 
compare  the  abrasion  on  an  antimony  block  with  that  of  the  enamel,  dentin 
and  cemento-enamel  junction.  They  calculated  a  factor  which  summated  the 
relative  abrasion  of  these  3  regions,  and  found  no  correlation  between  this  and 
the  effects  on  the  antimony.  The  lack  of  correlation  was  ascribed  to  surface 
flow,  although  no  measurements  were  apparently  performed  to  demonstrate 
that  any  flow  or  change  in  surface  hardness  occurred.  It  seems  unlikely  to 
us  that  surface  flow  could  be  produced  under  these  conditions  in  antimony 
plates  in  view  of  the  crystalline  nature  of  the  material.  With  the  exception  of  a 
single  product,  the  wear  demonstrated  by  them  on  enamel  was  practically  the  same 
for  all  the  materials  studied.  A  scatter  diagram  made  by  ourselves  of  their 
abrasion  of  enamel  against  the  antimony  plotted  as  a  straight  line  and  showed 
a  high  correlation  coefficient.  But  the  predictability  of  the  effects  on  enamel 
from  the  wear  on  the  antimony  was  low  because  the  slope  of  the  curve  was  very 
flat,  and  little  change  in  enamel  wear  accompanied  large  effects  on  the  metal. 
Similar  study  by  us  of  the  correlation  of  their  results  wth  dentin  and  cemento- 
enamel  junction  and  antimony  plates  respectively  showed  a  complete  lack  of 
correlation. 

Smith  (7)  also  used  an  antimony  plate,  and  attempted  to  standardize  the 
hardness  of  the  surface  by  frequent  regrinding  to  eliminate  the  hardened  surface 
layer.  He  thought  there  was  sufficiently  good  correlation  between  the  results 
on  teeth  in  both  his  own  and  Wright  and  Fenske’s  observations  to  justify  use  of 
the  metal  surface  in  place  of  the  highly  variable  teeth. 

Because  of  the  possibly  greater  importance  of  antimony  plate  determinations 
than  those  on  silver  and  copper,  as  judged  by  the  differences  in  opinion  in 
previous  work,  20  products  were  tested  on  these  plates  instead  of  the  12  used 
for  the  other  2  metals.  The  first  problem  that  required  attention  was  that  of 
surface  flow.  In  Table  I  is  set  forth  the  average  loss  of  weight  from  the  20 
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materials  tested  on  each  of  the  6  test  days.  It  is  obvious  that  there  was  no 
evidence  of  the  development  of  a  surface  hardening  as  the  abrasion  was  continued 

TABLE  IV 


Correlation  between  the  abrasion  of  human  enamel  and  antimony  plates  by  20  dentifrices  and 

dentifrice  ingredients 


MATERIAL 

AVERAGE  LOSS  OE 
WEIGHT  or  ANTI¬ 
MONY  PLATE 

AVERAGE  ABRASION 
or  ENAMEL  PER¬ 
CENT  or  CONTROL 

Leslie’s  Iodized  Salt . 

5.9 

88 

Teel  Liquid  Dentifrice . 

6.2 

17 

Tricalcium  phosphate  “Victor” . 

8.4 

91 

9.1 

128 

pinnleiiim  phosphate  1-5  microns . 

10.2 

75 

68 

10.7 

Calcium  carbonate  U.S.P.  control . 

11.9 

100 

Pepsodent  Polishing  Agent . 

12.5 

227 

Calcium  carbonate  1-5  microns . 

14.1 

112 

Calcium  carbonate  “Sturge — 50” . 

14.6 

158 

16.2 

151 

Magnesium  trisilicate . 

17.0 

142 

Magnesium  carbonate  U.S.P . 

20.7 

84 

23.5 

92 

Craig-Martin  Tooth  Powder . 

25.1 

47 

Bicarbonate  of  Soda  (Arm  and  Hammer  brand) . 

27.6 

47 

Magnesium  oxide  Light,  U.S.P . 

47.3 

98 

William’s  Dental  Powder . 

47.6 

162 

Squibb’s  Tooth  Powder . 

52.6 

201 

Fullers’  earth . 

61.7 

122 

3  225 

“200 
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ANTIMONY  PLATES 
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ABRASION  ANTIMONY  PLATES  IN  MGM 


Fig.  3.  Correlation  between  degree  of  abrasion  by  20  dentifrice  products  for  human 
enamel  and  antimony  plates. 


on  the  same  plates  day  by  day.  The  Bureau  of  Standards’  hardness  measure¬ 
ments  also  failed  to  demonstrate  any  significant  change  in  hardness  of  these 
plates  as  a  result  of  the  abrasion  procedure  (9). 


388 


M.  L.  TAINTER  AND  SIDNEY  EPSTEIN 


In  Table  IV  are  listed  the  20  products  used  on  the  antimony  plates  and  the 
average  abrasion  of  the  metal  and  enamel  surfaces  from  them.  The  scatter 
diagram  in  jig.  3  suggests  a  slight  correlation  between  the  effects  on  the  2  types 
of  surfaces.  However,  calculation  of  the  correlation  coefficient  reveals  that 
it  is  only  +0.28  ±  0.21,  a  value  entirely  too  low  to  indicate  any  useful  relation¬ 
ship  between  the  2  sets  of  results.  The  scatter  of  the  data  in  the  figure  is  so 
great  it  is  obvious,  even  without  resorting  to  any  calculations,  that  the  loss  of 
weight  of  the  antimony  plate  could  not  be  used  to  predict  the  amount  of  abrasion 
that  would  result  on  the  enamel  of  teeth. 

THE  DETECTION  OF  TRACES  OF  EMERY 

Dr.  Wilmer  Souder,  of  the  National  Bureau  of  Standards,  courteously  sup¬ 
plied  us  \vith  a  special  specimen  of  emery  dust  of  20-30  microns  particle  size, 
to  see  if  the  presence  of  small  amounts  of  this  could  be  detected  by  the  metal 
plates.  This  emery  powder  was  added  in  a  concentration  of  0.1%  to  our  stand¬ 
ard  calcium  carbonate  powder,  and  the  amount  of  abrasion  determined  after 
20,000  strokes  in  the  machine. 

On  the  antimony  plates,  abrasion  with  the  control  calcium  carbonate  averaged 
14.8  mgm.,  which  was  increased  to  20.2 mgm.  by  the  emery.  Similarly,  the  control 
effect  on  the  silver  plates  was  5.2  mgm.,  which  the  emery  increased  to  8.1  mgm. 
Therefore,  the  addition  of  0.1%  emery  dust  clearly  increased  the  abrasiveness  of 
calcium  carbonate  for  these  2  types  of  metals.  Inasmuch  as  the  increase  in 
abrasion  was  fairly  large,  it  is  apparent  that  much  lower  concentrations  of  emery 
could  probably  be  detected  than  were  tested  by  us  if  the  metal  plates  were 
to  be  used  to  detect  the  presence  of  traces  of  materials  of  high  abrasive  power. 

DISCUSSION 

The  results  of  this  study  clearly  demonstrate  that  the  3  metals  commonly 
used  in  testing  abrasiveness  of  dentifrice  materials  are  not  worn  to  a  degree 
proportionate  to  the  abrasion  produced  by  the  same  materials  on  enamel  of 
human  teeth.  Hence,  it  would  appear  undesirable  to  make  tests  on  metal 
plates  as  control  procedures  for  materials  to  be  used  on  teeth.  Whether  the 
same  lack  of  correlation  would  be  present  in  results  on  cementum  or  dentin 
is  not  proven  by  the  procedures  in  this  report,  where  only  enamel  was  studied. 
But  the  results  of  Wright  and  Fenske  strongly  suggest  that  the  same  conclusion 
would  be  justified  also  for  these  softer  structures.  It  is  unfortunate  that  good 
correlation  does  not  exist  between  the  effects  on  these  various  materials,  since 
the  teeth  are  so  much  more  difficult  to  study,  and  are  so  highly  variable  as  to 
require  many  more  tests  to  achieve  an  acceptable  degree  of  reliability. 

However,  this  lack  of  correlation  between  these  tests  is  not  to  be  ascribed 
to  some  inherent  quality  of  the  teeth.  For,  if  the  correlations  between  the 
results  of  the  various  materials  on  the  3  metals  are  compared  (Tables  II,  HI 
and  IV),  it  can  be  seen  that  there  is  a  notable  lack  of  correlation  also  between 
the  abrasion  of  the  metals.  In  other  words,  the  amount  of  abrasion  which  will 
be  produced  on  some  given  material  cannot  be  predicted  from  the  results  on 
some  other  test  object  of  different  composition.  This  is  not  solely  a  matter  of 
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hardness,  for  crystalline  structure,  loading,  toughness,  shape  of  particles,  surface 
flow,  and  probably  many  other  factors  play  a  role  which  cannot  be  evaluated 
except  by  actual  measurement.  This  is  recognized  by  engineers,  as  indicated  in 
a  quotation  from  an  engineering  book  referred  to  in  one  of  our  previous  papers 
(3).  Acceptance  of  this  fact  in  future  tests,  and  in  establishing  standards,  will 
put  determinations  in  this  field  on  a  firm  basis,  hitherto  lacking. 

CONCLUSIONS 

1.  The  abrasion  of  a  series  of  dentifrice  ingredients  and  commercial  dentifrices 
for  plates  of  copper,  silver,  and  antimony  have  been  compared  with  the  effects 
on  the  enamel  of  human  teeth,  using  a  special  abrasion  testing  machine  pre¬ 
viously  described. 

2.  There  was  no  correlation  between  the  amount  of  abrasion  of  any  of  these 
metal  plates  and  that  produced  on  the  enamel. 

3.  Hence,  metal  plates  cannot  be  used  as  test  objects  for  abrasive  materials 
with  the  object  of  establishing  the  degree  of  abrasiveness  such  agents  might  have 
for  human  enamel. 

4.  The  metal  plates  can  detect  the  presence  of  small  amounts  of  a  highly 
abrasive  material,  such  as  emery  dust,  in  precipitated  calcium  carbonate,  and 
hence  might  be  used  in  qualitative  tests  for  the  presence  of  undesirable  con¬ 
stituents,  in  much  the  same  way  as  the  glass  slide  procedure  may  be  used. 
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XIII.  Rate  of  Flow  of  Resting  Saliva  of 
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The  George  Williama  Hooper  Foundation  for  Medical  Research,  and  the  Division  of  Dental 
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INTRODUCTION 

The  necessity  of  determining  the  normal  variation  of  salivary  rate  of  secretion 
among  healthy  individuals,  and  thereby  establishing  a  crossrsection  of  the 
population,  has  been  stressed  rppeatedly  (6,  7,  25,  19)  because  of  the  known 
effects  of  changes  of  rate  of  flow  on  most  salivary  constituents.  Few  reports 
only  are  available  on  a  sufficiently  large  number  of  observations  which  would 
permit  the  biometrical  evaluation  of  these  relationships.  The  lack  of  attention 
to  the  fact  that  human  saliva  is  a  secretory  and/or  excretory  product  is  reflected 
in  the  exclusive  use  of  mg.  %  values,  a  measure  of  concentration,  rather  than  of 
mg./hr.  values,  i.e.,  a  measure  of  total  secretion  per  time  unit  (9).  Furthermore 
it  has  been  intimated  that  decreased  salivary  rate  of  flow  may  be  related  to  the 
dental  caries  process,  while  increased  secretion  may  have  a  beneficial  effect  on 
the  teeth  and  oral  mucosa  (20,  21,  22,  23,  24,  28,  31,  34,  39).  The  great  varia¬ 
tions  in  speed  of  salivary  secretion  met  by  every  investigator  has  made  it  very 
desirable  to  establish  averages  of  rates  of  salivary  flow  in  human  beings  of  all 
age  groups  under  standard  conditions. 

DESCRIPTION  OF  MATERIAL  AND  PROCEDURE 

One  of  the  first  requirements  for  the  evaluation  of  biological  data  is  the  study 
of  large  representative  groups;  therefore,  observ’ations  on  the  speed  of  secretion 
of  661  different  healthy  individuals  (with  the  exception  of  dental  caries-)  have 
been  collected.  The  ages  range  from  5  to  95  years,  with  a  total  of  293  females 
(44.33%)  and  368  males  (55.67%).  The  distribution  of  individuals  by  five  year 
age  groups  is  given  in  fig.  1.  The  largest  groups  were  obtained  for  the  ages  from 
10  to  14  and  20  to  24  years,  while  the  available  number  of  healthy  persons  over 
49  years  of  age  was  limited. 

The  individuals  who  submitted  to  these  salivary  examinations  were  derived 

*  Presented  at  the  2l8t  General  Meeting  of  the  International  Association  for  Dental 
Research,  Chicago,  March  13  and  14,  1943.  (J.  D.  Res.  22  :  216,  1943.)  Conducted  under 
grants  made  by  the  American  Foundation  for  Dental  Science,  the  California  State  Dental 
Association,  and  the  Research  Board  of  the  University  of  California.  Received  for  publi¬ 
cation  August  11,  1943. 

’  For  discussions  of  the  possible  relationship  between  dental  caries  and  salivary  composi¬ 
tion  see  references  13,  14,  and  29. 
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from  the  University  of  California  Dental  Clinic,  faculty  members,  students, 
friends,  and  residents  of  the  Laguna  Honda  Home.®  Their  health  was  deter¬ 
mined  by  the  physician  in  charge  of  physical  examinations  for  the  Division  of 
Dental  Medicine  (Dr,  Saxton  T.  Pope)  or  by  their  family  or  institutional  phy¬ 
sician  and  only  those  were  accepted  for  salivary  analyses  who  had  no  illnesses 
at  the  time  of  examination  and  who  were  free  of  any  obvious  metabolic  disorders.^ 
Whenever  laboratory  tests  (blood  count,  urinalysis,  and  basal  metabolism)  were 
deemed  necessary,  these  were  made.  The  medical  records  of  the  Laguna  Honda 
Home  were  placed  at  our  disposal  by  the  Department  of  Public  Health  of  the 
City  and  County  of  San  Francisco.  A  thorough  dental  examination  was  made, 
which  included  the  calculation  of  Bodecker’s  Life  Caries  Index  (15).  In  the 
majority  of  cases  past  and  present  dietary  histories  as  well  as  entire  denture  and 
bite  wing  roentgenograms  were  obtained.  The  investigation  was  conducted 


totm.  h  tom  U34  aa  tou  msr  mst  »  t  t  t  i  tu 
mtMJBt  S3  rsss  so  t  to  to  n  a  r  u  it  s  t  o  o  o  o  o  ms 
mass  t  t!  strr  a  t«  14  m  It  rr  t!  It  tt  »  so  m  4  t  t  i  stt 

Fig.  1.  Distribution  of  individuals  by  five  year  age  groups 

over  a  period  of  3  years,  a  fact  which  must  be  considered  in  the  interpretation 
of  results  because  of  possible  sasonal  variations.®  The  standardized  procedure 
for  collection  of  samples  previously  reported  (4)  was  preferred  to  hospitalization 
of , individuals.  Even  though  the  latter  method  has  advantages,  it  is  most 
difficult  from  the  standpoint  of  practical  execution  to  use  it  for  routine  examina¬ 
tions  of  large  groups,  and  furthermore  the  results  would  have  only  limited  value 
because,  in  most  instances,  due  to  the  restricted  environment,  they  would  not 
reflect  ordinary  conditions. 

All  individuals  were  required  to  give  resting  saliva  in  the  morning  without 
having  brushed  their  teeth,  and  without  previous  breakfast  or  anything  to  eat 

*  The  writers  express  their  appreciation  to  Dr.  J.  C.  Geiger,  Director  of  Public  Health 
and  his  staff  of  the  Department  of  Public  Health  of  the  City  and  County  of  San  Francisco 
for  their  cooperation  and  support  of  these  studies. 

*  For  further  details,  see  reference  12. 

‘  Seasonal  influences  will  be  discussed  separately. 
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or  drink.  All  were  thoroughly  questioned  as  to  these  points  and  requested 
to  come  again  if  instructions  were  not  followed  properly.  For  the  average 
analysis,  approximately  8  cc.  of  saliva  were  required,  the  collection  of  w’hich 
usually  took  less  than  1  hour.  From  the  standpoint  of  whether  to  use  resting 
or  activated  saliva,  consideration  was  given  to  previous  observations  and  ex¬ 
periences  : 

The  flow  of  saliva  from  the  parotid,  submaxillary  and  other  glands  is  supposed 
to  stop  completely  in  animals  and  human  beings  in  the  absence  of  any  stimula¬ 
tion  and  yet  there  are  a  number  of  investigators  who  have  reported  that  there 
is  a  “continuous  flow”  of  secretion  in  the  absence  of  any  stimulating  factor. 
They  call  this  product  “resting  secretion”  or  “resting  saliva”  (2).  Most  of  these 
authors,  however,  used  special  devices  for  the  collection  of  human  saliva  and  it 
therefore  appears  that  such  a  procedure  would  stimulate  secretion  and  account 
for  the  appsuriht  continuous  flow.  If,  then,  it  is  conceived  that  during  complete 
rest,  as  well  as  in  sleep,  the  salivary  secretion  can  stop  completely,  the  slow  flow 
of  saliva  which  is  obvious  during  waking  hours  must  be  the  result  of  slight 
stimulation.  In  previous  reports  (4,  8,  9,  10),  observations  have  been  recorded 
which  indicate  that  this  slowly  flowing  resting  saliva  is  far  less  subject  to  fluctua¬ 
tions  in  the  same  individual  than  activated  saliva  if  tested  on  different  days  and 
during  continuous  collection.  If  very  slow  and  fast  flowing  salivas  are  com¬ 
pared,  the  former  usually  shows  far  less  fluctuation.  For  these  reasons  resting 
saliva  appears  more  suitable  than  activated  saliva,  however  it  must  be  collected 
under  standard  conditions.  In  terms  of  measures,  the  flow  should  be  expressed 
in  volume  per  time  unit  rather  than  weight. 

The  technical  procedures  used  for  routine  biometrical  evaluation  have  been 
described  previously  (38)  and  consisted  in  the  determination  of:  1.  Frequency 
distributions,  2.  Means  (M),  3.  Standard  deviations  (<r),  4.  Skewness  values 
(Sks).®  Coefficients  of  variation  (Vi),  6.  Correlation  coefficients  (r),  7.  Sampling 
errors  (a  new  term  for  standard  error),  and  8.  Tests  for  significance  of  differences 
/Ml  -  MjX 

\  <^(Mi-M,)  /’ 

BIOMETRICAL  EVALUATION  OF  RATE  OF  FLOW 

Age  Groups  of  5  to  96  Years  {661  Individuals^).  The  arithmetic  mean  (M) 
of  this  group  is  found  to  be  19®  ±  0.54  cc./hr.  with  a  standard  deviation  of  14  ± 
0.38  cc./hr.  The  lowest  and  highest  values  observed  are  0.5  cc./hr.  and  111.0 
cc./hr.  respectively.  The  distribution  tails  off  toward  high  rates,  w’hich  is 

*  Calculated  according  to  Dunlap  and  Kurtz  (26) . 

^  The  661  individuals  of  this  report  included  11  persons  whose  rates  of  flow  were  less  than 
0.5  cc./hr.  This  small  amount  of  saliva  was  insufficient  for  chemical  analysis,  w'hich  made 
it  necessary  to  omit  them  for  calcium  and  phosphorus  studies.  These  subjects  were  in  good 
physical  condition  (with  the  exception  of  senility)  all  were  edentulous  and  it  is  suspected 
that  the  lack  of  secretion  was  the  result  of  changes  of  the  salivary  glands.  Their  sex  and 
age  distribution  was:  958;2  cfTO;  cf72;  cf74;  </'75;  cf76;2  cf77;  d-SS;  0^94. 

*  For  practical  purposes  the  actual  biometrical  figures  were  rounded  off  to  a  unit  which 
corresponds  to  the  accuracy  of  the  original  measurement. 
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reflected  in  the  skewTiess  value,  Skj  =  +0.53;  the  coefl&cient  of  variation  (Vi  = 
72),  also  is  large  when  compared  with  the  values  of  other  salivary  constituents 
(5,37). 

In  studying  a  possible  relationship  of  age  and  rate  of  flow  the  observations 
were  divided  according  to  5  year  age  groups  and  the  distributions  recorded 
in  fig.  2. 
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Fig.  2.  Distribution  of  rate  of  flow  by  age.  (A)  Total  group,  (B)  males,  (C)  females. 


Fig.  3.  (A)  Distribution  of  rate  of  flow  of  484  individuals  6  to  49  yean  of  age.  (B) 
Mean  d:  1  standard  deviation  for  each  5  year  interval. 


These  grids  indicate  a  wide  scattering  of  values  throughout  all  ages  with  a 
decreased  incidence  of  fast  rates  of  flow  in  the  older  age  groups.  If  divided 
into  males  and  females,  similar  distributions  can  be  seen  with  a  greater  tendency 
in  females  for  slower  rates  of  flow  as  age  increases  (compare  fiigs.  2B  and  C). 

Correlation  coefficients  (r),  which  express  relationships  between  2  or  more 
factors,  were  then  calculated  from  these  grids;  although  possibly  a  slight  linear 
correlation  betw'een  rate  of  flow  and  age  is  suggested  in  the  groups  from  5  to  29 
years  (r  =  +0.299  ±  0.050),  it  is  entirely  absent  after  30  years  as  well  as  for  the 
total  group  of  661  individuals  (r  =  +0.030  ±  0.039).  In  the  separated  males 
and  females  (figa.  2B  and  C)  no  relation  could  be  detected  either. 
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Fio.  4.  A  and  B:  Distributions  of  rate  of  flow  of  235  males  and  249  females  5  to  49  years 
of  age.  C  and  D :  Mean  ±  1  standard  deviation  for  each  5  year  interval. 


TABLE  I 

Mean  and  dispersion  of  rate  of  salivary  flow  by  5  year  age  groups  (5  to  95  years) 


AGS 

OBOUP 

NinCBBX  OP 
INDmOUALS 

OBSEBVBO  BANGES 

ywrs 

N 

ee./kr. 

5-9 

54 

3-52 

10-14 

125 

3-111 

15-19 

60 

1-93 

20-24 

83 

3-70 

25-29 

32 

6-73 

30-34 

34 

3-54 

35-39 

25 

3-48 

40-44 

31 

4-flO 

45-49 

40 

3-50 

5-49 

484 

1-111 

5-95 

661 

0.5-111 

AVEIACE  (mean) 


STANDAtO  DEVIATION 


19  -hO.63 


19  ±  0.54 


14  ±  0.45 


14  ±  0.3S 


Since  it  was  very  difficult  to  find  a  sufficient  number  of  healthy  individuals 
over  49  years  of  age  to  study  the  relationship  of  flow  and  age  by  5  year  groups 
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and  in  separated  male  and  female  groups,  it  was  decided  to  eliminate  for  this 
study  all  mdi\’iduals  over  49  years  (177  persons),  leaving  484  as  the  main  group. 

Age  Groups  5  to  49  Years  {484  Individuals).  The  frequency  distribution 
of  this  group  is  demonstrated  in  fig.  5.4.  The  arithmetic  mean  (M)  of  19  ± 
0.63  cc./hr.  and  the  standard  de\'iation  of  14  ±  0.45  cc./hr.  are  the  same  as  the 
values  for  the  5  to  95  year  age  group.  The  higher  frequencj'  of  low  values 
in  the  distribution  with  a  gradual  tailing  off  toward  high  rates  of  flow  indicates 
again  positive  skewness. 

It  is  interesting  to  obser\’e  that  the  averages  of  the  5  to  9  and  10  to  14  year 
groups  as  seen  in  fig.  SB  show  a  significant  difference,  while  after  14  years  the 
means  plateau.  Although  the  mean  of  the  50  to  95  year  group  (M  =  17  ± 
1.02  cc./hr.)  is  slightly  lower  than  that  of  the  5  to  49  group,  the  difference  is 
not  significant. 

Separate  frequency  distributions  for  the  235  males  and  the  249  females  are 
given  in  figs.  4A  and  B.  The  mean  ages  of  males  and  females  are  23  ±  0.74 
years  and  22  ±  0.82  years  respectively,  indicating  that  the  groups  are  comparable 
in  this  respect.  The  averages  of  rate  of  flow  of  both  sexes  are  not  different 
with  a  mean  of  20  ±  0.81  cc./hr.,  for  males,  and  of  19  ±  0.96  cc./hr.,  for  females. 
If  separated  into  5  year  age  groups  {fig.  4C  and  D),  no  significant  differences 
can  be  detected  either  within  each  sex  group  or  between  the  tw’o. 

The  biometrical  data  for  rate  of  flow  are  summarized  in  Table  I. 

Comment  and  Conclusions  as  well  as  References  to  Literature  for  this  and  the  2 
succeeding  papers  have  been  combined  and  appear  with  the  last  paper  on 
pages  408  to  414. 
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XIV.  Total  Calcium  Content  of  Resting  Saliva  of 
650  Healthy  Individuals^ 

H.  BECKS,  M.D.,  D.D.S. 

The  George  Willianu  Hooper  Foundation  for  Medical  Research,  and  the  Division  of  Dental 
Medicine,  College  of  Dentistry,  University  of  California,  San  Francisco,  Cal. 

INTRODUCTION 

The  fact  that  in  published  studies  salivary  calcium  values  have  been  found 
to  vary  between  2.2  and  145.9  mg.  %  (6)  has  prompted  an  investigation  to  de¬ 
termine  ranges  and  arithmetic  me%ns  of  the  total  calcium  content  of  mixed 
human  resting  saliva  of  a  sufficiently  large  number  of  healthy  individuals  of 
representative  age  groups. 

With  regard  to  description  of  material,  experimental  approach  and  technique 
of  calcium  analysis,  the  reader  is  referred  to  previous  reports  (11,  35).  The 
results  were  recorded  as  mg.  %  and  mg./hr.  values*  and  then  evaluated  biometri- 
cally,  permitting  a  concise  description  of  numerical  figures.  Six  hundred  fifty 
individuals  were  studied  for  whom  the  rate  of  flow  values  have  been  reported  (11), 

BIOMETRICAL  EVALUATION  OF  TOTAL  CALCIUM  MILLIGRAMS 
PER  CENT  VALUES 

Age  Groups  5  to  95  years  (650  Individuals).  The  arithmetic  mean  (M)  of 
this  group  is  found  at  5.8  ±  0.06*  mg.  %  with  a  standard  deviation  (<r)  of  1 .4  ± 
0.04  mg.  %.  The  skewness  value  (Skj)  of  +0.31  and  the  coefficient  of  variation 
(Vi)  of  22  are  lower  than  for  rate  of  flow  and  therefore  indicate  a  more  compact 
distribution  with  a  mean  close  to  the  center  of  the  range.  The  total  observed 
range  extends  from  2.4  to  11.3  mg.  %. 

The  observation  has  been  made  frequently  in  this  laboratory  that  the  salivary 
calcium  content  of  children  is  markedly  lower  than  that  of  adults,  even  though 
such  an  age  difference  has  been  denied  by  Brawley  and  Sedwick  (16,  17).  The 
material  w^as  therefore  arranged  in  a  grid  (Jig.  lA)  according  to  5  year  intervals. 
In  this  it  is  seen  that  the  calcium  content  tends  to  increase  with  advancing  age. 
In  younger  persons  from  5  to  29  years  the  correlation  coefficient  (r)  is  +0.387 

*  Presented  at  the  2l8t  General  Meeting  of  the  International  Association  for  Dental 
Research,  Chicago,  March  13  and  14,  1943.  (/.  D.  Res.  22:  216,  1943.)  Conducted  under 
grants  made  by  the  American  Foundation  for  Dental  Science,  the  California  State  Dental 
.Association  and  the  Research  Board  of  the  University  of  California.  Received  for  publica¬ 
tion  August  11,  1943. 

*  The  relationships  between  calcium,  rate  of  flow,  and  phosphorus  content  will  be  re¬ 
ported  separately. 

*  The  value  following  the  ±  sign  is  the  sampling  error  of  the  accompanying  measure. 
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db  0.018  which  indicates  slight  but  significant  correlation.  In  the  total  group 
of  650  individuals  this  correlation  practically  disappears  (r  =  +0.230  ±  0.037). 

As  previously  stated  (11)  the  number  of  healthy  individuals  over  49  years 
was  limited,  which  restricted  the  available  obser\’ations  for  the  study  of  age 
changes  by  5  year  groups  to  484  persons  between  5  and  49  years. 
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Fig.  1.  Distribution  of  total  calcium  by  age.  A,  Calcium  mg.  %  values  and  age  of  650 
individuals.  B,  calcium  mg. /hr.  values  and  age  of  650  individuals. 


Fig.  2.  A.  Distribution  of  total  calcium  content  mg.  %,  of  484  individuals  5  to  49  years 
of  age.  B.  Mean  ±1  standard  deviation  for  each  5  year  interval. 


Age  Groups  5  to  4^  Years  (4^4  Individuals).  The  distribution  of  calcium 
values  of  these  484  individuals  is  shown  in  jig.  3 A,  with  an  arithmetic  mean  of 
5.7  it  0.06  mg.  %  and  a  standard  deviation  of  1.2  ±  0.04  mg.  %;  these  values 
are  practically  the  same  as  those  of  the  5  to  95  year  group. 

The  means  and  standard  deviations  of  the  5  year  age  groups  from  5  to  49  years 
are  presented  graphically  in  fig.  2B,  which  shows  a  general  tendency  of  the 
calcium  content  to  increase  especially  in  the  early  age  groups.  The  difference 
between  means  of  the  5  to  9  and  10  to  14  year  groups  is  found  to  be  of  question- 
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able  significance  while  it  becomes  definite  between  the  ages  of  10  to  14  and  15  to 
19.  After  19  the  means  show  a  less  marked  increase  although  comparison  of  the 
larger  groups  of  5  to  29  and  30  to  49  years  show  a  significant  difference. 

The  mean  of  the  eliminated  age  group  from  50  to  95  years  is  6.1  ±  0.14  mg.  % 
with  a  of  1.7  ±  0.10  mg.  %  which  indicates  a  decidedly  higher  (38)  calcium 
content  than  in  the  5  to  49  group  and  suggests  further  investigation  of  the  age 
factor  in  older  persons.  From  these  figures  it  may  be  expected  that  if  an  ade¬ 
quate  number  of  individuals  were  examined  after  50  years  of  age  additional  typi¬ 
cal  changes  in  the  calcium  content  of  saliva  in  older  people  might  be  found. 


Fia.  3.  A  and  C — Distributions  of  total  calcium  content  mg.  %,  of  235  males  and  249 
females  5  to  49  years  of  age,  B  and  D — mean  ±1  standard  deviation  for  each  5  year  interval. 


^Vhe  separated  frequency  curves  of  males  and  females  of  5  to  49  years  {jig.  SA 
and  C)  indicate  that  the  distributions  are  very  similar  with  low  and  high  values 
in  both  sexes;  however,  the  arithmetic  means,  5.9  ±  0.09  mg.  %  for  males  and 
5.6  ±  0.07  mg.  %  for  females,  are  slightly  different.  If  the  larger  groups  of  5  to 
29  and  30  to  49  years  are  compared  between  both  sexes  it  is  found  that  a  signifi¬ 
cant  difference  exists  after  30  years,  which  apparently  is  responsible  for  the 
difference  between  the  total  male  and  female  groups.  In  general  it  can  be  said 
that  both  sexes  show  a  similar  slight  upward  trend  as  reflected  in  the  total 
group. 

WTien  divided  into  5  year  intervals  the  males  (jig.  SB)  do  not  show  significant 


400 


H.  BECKS 


changes  age  while  the  females  {fig.  SD)  up  to  19  years  do,  but  not  later. 
Comparison  of  the  larger  groupings  of  5  to  29  and  30  to  49  years  within  each 
sex  group  reveals  decidedly  higher  calcium  values  as  age  increases  as  is  found 
for  the  total  groups. 

Observed  ranges,  arithmetic  means,  standard  deviations,  and  sampling 
errors  are  given  in  Table  I.  A  steady  increase  of  arithmetic  means  up  to  29  years 
of  age  is  quite  apparent,  but  it  also  can  be  seen  from  the  increasing  standard 
deviations  that  the  scatter  of  values  becomes  greater. 

TABLE  I 


Mean  and  dispersion  of  total  calcium  mg.  %  values  by  5  year  age  groups  (5  to  96  years) 


AGS 

GEOVP 

NUlfBES  OF 
lKDr\TDCALS 

OBSEXVED  SAKGES 

AVEEAGE  (mean) 

M  ± 

STANDARD  DEVIATION 

7*ar$ 

N 

»»<•% 

mt.% 

mt.% 

5-9 

54 

3.0-  7.1 

4.92  ±  0.12 

0.88  ±0.08 

10-14 

125 

3.4-  7.8 

5.23  ±  0.07 

0.78  ±0.05 

15-19 

60 

3.0-  8.4 

5.69  ±0.13 

1.03  ±0.09 

20-24 

83 

3.2-11.0 

5.95  ±0.14 

1.28±0.10 

25-29 

32 

2.4-  9.0 

6.31  ±  0.24 

1.34  ±0.17 

30-34 

34 

3.9-  8.2 

5.99  ±0.18 

1.04  ±  0.13 

35-39 

25 

4.3-  8.8 

6.54  ±0.29 

1.48  ±0.21 

40-44 

31 

4.2-11.3 

6.12  ±0.29 

1.62  ±0.21 

45-49 

40 

1 

3.3-10.0 

j  6.39  ±  0.23 

1.48  ±0.17 

5-49 

484 

2.4-11.3 

j  5.71  ±0.06 

1.24  ±  0.04 

5-95 

1  650 

2.2-11.3 

5.82  ±  0.06 

1.41  ±  0.04 

•  See  reference  38. 


BIOMETRICAL  EVALUATION  OF  TOTAL  CALCIUM  MILLIGRAMS 
PER  HOUR  VALUES 

The  use  of  a  measure  of  concentration  alone  (mg.  %  values)  in  expressing 
the  mineral  content  of  a  secretory  or  excretory  product  is  obviously  inadequate, 
but  calculations  of  amounts  per  time  unit,  as  a  measure  of  rate  of  secretion 
(mg./hr.  values),  have  never  been  made  routinely  for  mixed  human  saliva.  In 
this  study  the  rate  of  flow  w’as  determined  by  measuring  the  amount  of  saliva 
in  a  graduated  glass  tube  and  by  checking  the  time  ^vith  a  stop  watch.  The 
quantity  of  calcium  determined  in  the  aliquot  from  the  chemical  analysis  was 
then  corrected  for  the  volume  of  saliva  produced  in  one  hour  and  the  result 
determined  as  calcium  mg./hr. 

Age  Groups  5  to  95  Years  {650  Individuals).  The  average  calcium  mg./hr. 
value  is  found  at  1.06  ±  0.03  mg./hr.  with  a  standard  deviation  of  0.80  ±  0.02 
mg./hr.  The  lowest  and  highest  values  observed  are  0.12  and  6.28  mg./hr. 
There  is  a  decided  positive  skewness  to  the  distributions:  Sks  =  -f  0.62  and  the 
coefficient  of  variation  is  higher  (Vi  =  78)  than  for  mg.  %  calcium.  These 
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Fio.  4.  A,  Distribution  of  total  calcium  content  mg./hr.,of  484  individuals  5  to  49  years  of 
age.  B.  Mean  ±1  standard  deviation  for  each  5  year  interval. 


A 


mg./hr. 


B  - 


tiMtruummmm 


Fio.  5.  A  and  C — Distributions  of  total  calcium  content  mg./hr.,  of  235  males  and  249 
females  5  to  49  years  of  age.  B  and  D — mean  ±1  standard  deviation  for  each  5 
year  interval. 


higher  figures  result  from  the  tailing  off  toward  high  values  and  the  mean  is 
found  near  the  low  end  of  the  range  as  was  noted  for  rate  of  How.  The  scatter- 
grid,  jig.  IB,  shows  a  wide  spread  of  the  distributions  and  an  absence  of  high 
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values  in  older  groups.  In  the  younger  group  from  5  to  29  years,  the  correlation 
coeflBcient  (r)  of  age  and  calcium  mg./hr.  rises  to  the  slight  but  significant  figure 
of  +0.380  ±  0.050  while  it  is  negligible  (r  =  +0.003  ±  0.039)  for  the  entire 
age  range. 

Age  Groups  5  to  49  Years  {484  Individuals).  The  frequency  distribution 
of  this  group  is  seen  in  fig.  4A,  with  a  mean  of  1.07  ±  0.04  mg./hr.  and  a  standard 
deviation  of  0.83  ±  0.03  mg./hr.  This  average  differs  only  slightly  from  that 
of  the  group  over  50  years  whose  mean  is  1.02  mg./hr.  with  a  standard  deviation 
of  0.71  ±  0.04  mg./hr. 

For  a  closer  study  the  means  and  standard  deviations  of  the  columns  of  the 
scattergrid  {fig.  IB)  were  calculated  and  are  presented  in  4^;  these  show  a 


TABLE  II 

Mean  and  dispersion  of  total  calcium  mg./hr.  values  by  6  year  age  groups  (5  to  95  years) 


ACT 

CKorp 

yncBEE  or 

TKDIVIDCALS 

OBSERVED  BAXGES 

AVERAGE  (ICEAK) 

M  ± 

STANDARD  DEVIATION 

7tm$ 

.V 

mg-lkr. 

mg-lkr. 

mg-lkr. 

5-9 

54 

0.13-2.26 

0.72  ±  0.06 

0.44  ±  0.04 

125 

0.12-6.12 

0.98  ±  0.07 

0.82  ±  0.05 

15-19 

60 

0.13-6.28 

1.15  ±0.13 

1.02  ±0.09 

83 

0.19^.62 

1.16  ±0.09 

0.83  ±0.06 

25-29 

32 

0.44-5.61 

1.48  ±0.20 

1.14  ±  0.14 

34 

0.36-3.56 

1.17  ±  0.14 

0.79  ±0.10 

35-39 

25 

0.30-2.98 

1.13  ±  0.14 

0.68  ±0.10 

31 

0.25-3.84 

1.06  ±  0.13 

0.73  ±  0.09 

45-49 

1  ^ 

I  0.27-2.40 

1.11  ±0.09 

0.58  ±0.06 

5-49 

4S4 

1  0.12-6.28 

1.07  ±  0.04 

0.83  ±  0.03 

5-95 

650 

0.12-6.28 

1.06  ±  0.03 

0.80  ±  0.02 

*  See  reference  38. 


steady  rise  early  in  life  up  to  19  years  of  age  and  then  a  definite  tendency  to 
plateau.  The  difference  between  means  of  the  5  to  9  and  10  to  14  year  groups 
is  found  to  be  significant  while  after  that  age  differences  are  not  significant. 

No  differences  due  to  sex  could  be  found  as  the  means  (cT  =  1.15  ±  0.05  and 
9  =  1.00  ±  0.06  mg./hr.)  and  distribution  curves  {fig.  6 A  and  C)  compare  favor¬ 
ably  with  each  other  and  with  those  of  the  combined  group.  The  separated 
—  male  groups  of  5  to  9  and  10  to  14  years  do  not  differ  which  is  quite  in  contrast 
to  the  corresponding  female  groups. 

The  established  ranges  with  means,  standard  deviations  and  sampling  errors 
are  recorded  in  Table  II. 

Comment  and  Conclusions  as  well  as  References  to  Literature  for  this  and  the 
2  accompanying  papers  have  been  combined  and  appear  with  the  following 
paper  on  pages  408  to  414. 
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XV.  Inorganic  Phosphorus  Content  of  Resting  Saliva  op 
650  Healthy  Individuals^ 

W.  W.  WAINWRIGHT,  D.D.S.,  M.S. 

Th^eorge  Williama  Hooper  Foundation  for  Medical  Research,  and  the  Division  of  Dental 
Medicine,  College  of  Dentistry,  University  of  California,  San  Francisco,  Cal. 

INTRODUCTION 

The  surmise  has  been  frequently  voiced  that  disturbances  in  phosphorus 
metabolism  may  be  responsible  for  the  incidence  of  dental  caries.  The  reports 
by  McCollum  (32);  Klein  and  McCollum  (30);  Agnew,  Agnew  and  Tisdall  (1); 
and  Price  (33)  suggest  that  a  lowered  phosphorus  intake  in  experimental  animals 
,  and  human  beings  is  accompanied  by  a  greater  incidence  of  dental  caries  than  in 
controls.  Furthermore  Eddy,  Heft,  Rosenstock  and  Ralston  (27)  reported  a  de¬ 
crease  of  salivaiy’  phosphorus  content  as  a  result  of  high  sugar  meal.  The  exact 
mechanism,  however,  as  to  how’  this  lowered  phosphorus  intake  or  lowered  sali- 
var>'  phosphorus  content  may  be  related  to  dental  decay  has  remained  obscure. 

Experience  with  salivary  analyses  has  revealed  the  surprising  picture  that 
the  inorganic  phosphorus  content  frequently  exceeds  by  many  times  that  of  the 
blood  serum  level.  While  the  inorganic  phosphorus  level  of  blood  serum  ranges 
between  3  and  5  mg.  %,  mixed  human  resting  saliva  values  have  been  reported 
(7)  from  2.5  to  49.2  mg.  %.  This  wide  variation  may  have  some  significance; 
however,  before  a  possible  correlation  v^ith  oral  lesions  can  be  attempted,  analj-ses 
of  normal  saliva  must  be  made  in  a  wide  range  of  age  groups.  For  this  reason 
inorganic  phosphorus  studies  were  made  of  650  individuals  from  5  to  95  years 
of  age  for  whom  the  rates  of  flow  and  calcium  analyses  and  technique  have 
been  reported  previously  (11,5,  36). 

BIOMETRICAL  EVALUATION  OF  INORGANIC  PHOSPHORUS  MILLIGR.\MS 

PER  CENT  VALUES 

Age  Groups  6  to  95  Years  (650  Individuals).  The  average  inorganic  phosphorus 
value  of  this  group  is  16.8  ±  0.25*  mg.  %  with  a  standard  deviation  of  6.4  ifc 
0.18  mg.  %.  The  lowest  and  highest  obser\'ed  values  are  6. 1  and  7 1 .0  mg.  %.  Al¬ 
though  extremely  high  values  are  to  be  found  they  are  so  rare  that  the  distribu¬ 
tion  is  only  slightly  skewed,  as  expressed  by  the  ske\\'ness  value,  Sks  =  -1-0.35. 

'  Presented  at  the  2l8t  General  Meeting  of  the  International  Association  for  Dental 
Research,  Chicago,  March  13  and  14,  1943.  (J.  D.  Res.  22  :  216,  1943).  Conducted  under 
grants  made  by  the  American  Foundation  for  Dental  Science,  the  California  State  Dental 
Association,  and  the  Research  Board  of  the  University  of  California.  Received  for  publica¬ 
tion  August  11,  1943. 

*  The  figure  following  the  ±  sign  is  the  sampling  error  of  the  accompanying  measure. 
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The  coeflBcient  of  variation,  Vi  =  34,  is  low  in  comparison  to  that  of  rate  of  flow, 
72,  although  not  as  low  as  that  of  calcium  mg.  %,  22. 

A  ’direct  relation  between  salivary  phosphorus  and  age  has  been  reported  by 
Becks  (3),  Youngburg  (40)  and  others,  and  denied  by  Brawley  and  Sedwick  (18). 
In  order  to  evaluate  this  factor  the  results  were  divided  by  5  year  intervals. 
The  distributions  within  the  5  year  age  groups  are  recorded  in  the  scatter  grid 
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Fig.  1.  Distribution  of  inorganic  phosphorus  by  age.  A.  Phosphorus  mg.  %  values  and 
age  of  650  individuals.  B.  Phosphorus  mg./hr.  values  and  age  of  650  individuals. 


Fig.  2.  A.  Distribution  of  inorganic  phosphorus  content  mg.  %,  of  484  individuals  5 
to  49  years  of  age.  B.  Mean  d:l  standard  deviation  for  each  5  year  interval. 

of  fig.  1  A,  which  8ugge.sts  an  increase  in  phosphorus  values  with  increasing  age. 
This  is  also  expressed  by  the  correlation  coefficient,  r  =  +0.344  ±  0.034,  for 
the  entire  group,  which  is  low  but  significant.  In  contrast  to  calcium  in  younger 
individuals  from  5  to  29  years  this  relation  is  absent  (r  =  +0.189  ±  0.051). 

Age  Groups  6  to  j^9  Years  (484  Individuals).  The  frequency  distribution  of 
this  reduced  group  (11)  is  shown  in^.  2  A;  the  arithmetic  mean  (M)  is  15.7  ± 
0.24  mg.  %  and  the  standard  deviation  (<r),  5.4  ±  0.17  mg.  %. 
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A  progressive  increase  of  the  averages  of  the  5  year  groups  (fig.  2  B)  can  be 
noted  although  the  individual  groups  do  not  differ  significantly  from  each  other. 
In  larger  intervals,  however,  the  mean  of  the  5  to  29  year  group  (M  =  14.9  ± 
0.24  mg.  %)  is  significantly  lower  than  that  of  the  30  to  49  group  (M  =  18.0  ± 
0.57  mg.  %).  As  for  calcium,  the  mean  of  the  5  to  49  year  group  differs  signif¬ 
icantly  (38)  from  that  of  the  group  over  50  years  (M  =  20.1  ±  0.61  mg.  %; 
(T  =  7.9  db  0.43  mg.  %)  and  requires  further  study.  In  other  words  it  must 
be  suspected  that  inorganic  phosphorus  values  continue  to  increase  after  49 
years. 


Fig.  3.  A  and  C.  Distributions  of  inorganic  phosphorus  content  mg.  %  of  235  males  and 
249  females  5  to  49  years  of  age.  B  and  D.  Mean  ±1  standard  deviation  for  each  5  year 
interval. 


When  the  male  and  female  distributions  are  studied  separately  (fig.  S  A  and  C), 
the  resultant  means  are  15.8  ±  0.37  and  15.7  ±  0.23  mg.  %,  respectively, 
which  indicates  no  difference  due  to  sex.  The  5  year  groupings  do  not  differ 
significantly  from  each  other  in  either  sex  (fig.  3  B  and  D)  although  they  do 
between  the  larger  groups  of  5  to  29  and  30  to  49  years,  which  agrees  with  the 
finding  in  the  total  group  of  a  gradual  increase  in  phosphonis  throughout  life. 
Comparison  of  male  and  female  groups  by  5  year  intervals  or  larger  groupings, 
reveals  no  difference. 
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The  observed  ranges,  means,  standard  deviations,  and  sampling  errors  of  the 
5  year  age  groups  from  5  to  49  years  are  listed  in  Table  I.  The  progressive  but 
slight  increase  of  phosphorus  by  5  year  interv^als  is  to  be  noted,  together  with 
larger  standard  devnations  above  35  years  of  £^. 

TABLE  I 


Mean  and  dispertion  of  inorganic  phosphonu  mg.  %  value*  by  5  year  age  groups  (5  to  96  yean) 


AGE  GEOUP 

VnCBEl  OF 
IKOIVIDCALS 

OBSESV'ED  KANGES 

AVEKAGE  (mean) 

M  ± 

STANDAtD  DEVUnOE 

years 

.V 

"•*.  % 

rtg-% 

mg.  % 

54 

8.7-25.0 

13.8  ±  0.53 

3.9  zb  0.37 

10-14 

125 

6.4-31.7 

14.7  ±  0.36 

4.1  zb  0.26 

15-19 

60 

8.5-30.4 

15.4  zb  0.63 

4.9  zb  0.44 

20-24 

83 

7.7-34.1 

15.4  zb  0.61 

5.6  zb  0.43 

26-29 

32 

10.0-25.7 

15.4  ±.  0.68 

3.8  db  0.48 

30-34 

34 

10.8-28.4 

16.6  zb  0.83 

4.9  zb  0.59 

35-39 

25 

9.5-64.0 

18.8  zb  2.23 

11.1  zb  1.57 

40-44 

31 

11.8-31.1 

17.9  ±  0.88 

4.9  zb  0.62 

45-49 

40 

9.8-31.0 

18.7  ±  0.73 

4.6  ±  0.51 

5-49 

484 

6.4-64.0 

15.7  ±  0.24 

5.4  zb  0.17 

5-95 

650 

6.1-71.0 

16.8  zb  0.25 

6.4  zb  0.18 

•  See  reference  38. 


BIOMETRICAL  EVALUATION  OF  INORGANIC  PHOSPHORUS  MILLIGRAMS 

PER  HOUR  VALUES 

Age  Groups  6  to  96  Years  {650  Individuals).  The  average  amoimt  of  inoi^anic 
phosphorus  secreted  per  hour  for  this  group  is  3.06  ±  0.07  mg./hr.  with  a  stand¬ 
ard  deviation  of  1.89  ±  0.05  mg./hr.  The  lowest  and  highest  values  observed 
are  0.21  and  16.72  mg./hr.  The  positive  skeweness  of  the  distribution  is  indicated 
by  the  Sk*  of  -1-0.47.  The  coefficient  of  variation  of  these  mg./hr.  values  is 
higher  than  tliat  of  the  mg.  %  distribution  (Vi  =  65);  this  is  also  the  case  with 
calcium  mg./hr. 

The  distributions  by  5  year  intervals  {fig.  1  B)  show  a  wdde  scattering  with 
no  definite  relationship  to  age,  although  from  5  to  9  years  the  values  seem  to 
be  lower.  This  is  confirmed  by  the  correlation  coefficient  of  -1-0.125  ±  0.038 
for  the  entire  group,  which  is  nearly  zero  even  though  it  is  slightly  positive  for 
5  to  29  years  (r  =  -f 0.344  ±  0.047). 

Age  Groups  5  to  lf9  Years  {4S4  Individuals).  The  frequency  distribution  (rf 
this  group  is  given  in  fig.  4  A ;  the  average  mg./hr.  value  is  2.94  ±  0.09  with  a 
standard  deviation  of  1.90  ±:  0.06. 

'I'iie  means  by  5  year  intervals,  plotted  in  fig.  4  B,  increase  progressively  up 
to  approximately  25  to  29  years  of  age,  although  the  difference  between  the  5  to 
9  and  10  to  14  year  groups  is  the  only  one  which  is  significant.  Even  when 
larger  groupings  are  tested  differences  are  slight.  As  for  the  mg.  %  values  a 
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further  study  of  the  influence  of  age  over  50  years  is  suggested  since  the  mean 
of  the  group  from  50  to  95  years  (M  =  3.42  ±  0.16;  c  =  2.02  ±  0.11  mg./hr.) 
differs  significantly  from  that  of  the  5  to  49  year  group. 


4.  A.  Distribution  of  inorganic  phosphorus  content  mg./hr.,  of  484  individuals  5 
to  ,49^years  of  age.  B.  Mean  d:l  standard  deviation  for  each  5  year  interval. 


H 


Fio.  5.  A.  Distribution  of  inorganic  phosphorus  content  mg./hr.,  of  235  males. 
B.  Mean  d=l  standard  deviation  for  each  5  year  interval  (males).  C.  Distribution  of 
inorganic  phosphorus  content  mg./hr.,  of  249  females  5  to  49  years  of  age.  D.  Mean 
standard  deviation  for  each  5  year  interval  (females) . 


Separation  of  the  sexes  reveals  a  slightly  higher  average  for  males,  3.21  ±0.11, 
than  for  females,  2.78  ±  0.12,  but  the  difference  is  of  questionable  significance. 
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The  distribution  cur\*es  (Jig.  5  A  and  C)  are  similar  in  form  to  that  of  the  total 
group  (Jig.  4  A).  The  males  (Jig.  5  B)  show  the  same  tendency  as  the  total 
group  toward  scattered  values  with  lowest  means  in  the  youngest  age  groups 
and  no  difference  between  means  after  14  years  of  age.  The  females  (fig.  5  D) 
are  similar. 

The  observed  ranges,  aver^es,  standard  deviations  and  sampling  errors 
of  the  5  year  age  groups  up  to  49  years  are  listed  in  Table  II.  The  scattering 
of  values  and  the  consequent  wide  ranges  are  to  be  noted,  together  with  the  com¬ 
paratively  large  standard  deviations.  The  moans,  however,  do  show  a  pro¬ 
gressive  increase  up  to  29  years  of  age  after  which  they  plateau. 

TABLE  II 


Mean  and  ditpenion  of  inorganic  phosphorus  mg. /hr.  values  by  5  year  age  groups  {5  to95  years') 


AGE  GEOUP 

KnCBEE  OP 
IKDn*lDCALS 

OBS£S\XD  EANGES 

AVXKAGE (mean) 

M  ± 

STANDAID  DEVUTION 
a  ± 

years 

.V 

mg.ikr. 

mg./kr. 

mg.ikr. 

54 

0.52-  5.78 

2.08  ±  0.15 

1.09  ±  0.10 

10-14 

125 

0.55-  9.32 

2.76  ±  0.14 

1.55  ±  0.10 

1&-19 

60 

0.21-10.13 

2.91  ±  0.25 

1.94  ±  0.18 

20-24 

83 

0.68-16.72 

3.06  ±  0.24 

2.24  ±  0.17 

25-29 

32 

0.84-  8.58 

3.50  ±0.34  . 

1.90  ±  0.24 

30-34 

34 

0.81-  8.75 

3.36  ±  0.28 

1.66  ±  0.20 

35-39 

25 

0.76-11.84 

3.06  ±  0.43 

2.17  ±  0.31 

40-44 

31 

0.70-  9.30 

3.11  ±  0.28 

1.59  ±  0.20 

45-49 

40 

0.68-  9.15 

3.48  ±  0.27 

1.70  ±  0.19 

5-49 

484 

0.21-16.72 

2.94  ±  0.09 

1.90  ±  0.06 

5-95 

650 

0.21-16.72 

3.06  ±  0.07 

1.89  ±  0.05 

*  See  reference  38. 


COMMENT  AND  CONCLUSIONS 
(Including  papers  XIII  and  XIV  of  this  series) 

The  present  difficulty  of  utilizing  salivary  analyses  for  purposes  of  prognosis 
in  clinical  practice  has  stimulated  greatly  the  interest  in  relationships  between 
rate  of  flow  and  composition  of  mixed  human  saliva  and  oral  health  and  disease. 
Some  investigators  see  little  hope  in  the  information  at  hand  for  any  under¬ 
standing  of  tlie  process  of  salivary  secretion  or  of  the  effects  of  altered  composi¬ 
tion  on  oral  structures;  while  others  seem  unaware  of  the  necessity  of  a  clear 
understanding  of  the  role  of  these  fundamental  factors  before  clinical  applications 
can  be  expected  to  succeed. 

The  influences  of  age,  sex,  state  of  health,  rate  of  .secretion,  relationships  of 
chemical  composition  etc.,  are  important  factors  in  the  interpretation  of  observa¬ 
tions.  Since  many  data  are  still  lacking  in  these  respects,  the  examination  of  a 
large  cross-section  of  the  population,  of  wide  age  range,  was  undertaken. 
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The  rate  of  flow  of  resting  saliva  collected  before  breakfast  was  measured 
for  661  healthy  individuals  ranging  from  5  to  95  years.  Of  this  group  only 
650  were  used  for  calcium  and  phosphorus  analyses,  since  11  had  rates  of  flow 
below  0.5  cc./hr.  and  gave  amounts  insufficient  for  analytical  purposes.  Separa¬ 
tion  of  males  and  females  revealed  age  averages  of  23  ±  0.74  years  and  22  db 
0.82  years,  respectively,  which  show  that  the  sex  groups  were  comparable  in 
this  respect. 

In  the  following  summary  the  conclusions  concerning  changes  with  age 
and  sex  were  based  not  only  on  observations  of  the  total  group  of  661  individuals 
(less  11  for  calcium  and  phosphorus  analyses)  but  also  on  a  reduced  group  of  484 
individuals  from  5  to  49  years  of  age,  since  there  were  only  limited  observations 
after  49  years,  and  the  age  and  sex  distributions  were  most  irregular.  The  bio¬ 
metrical  data  have  been  given  in  Table  III. 

1.  Rate  of  Flow:  1.  The  mean  rate  of  flow  of  661  individuals  was  19  ±  0.54 
cc./hr.  with  a  standard  deviation  of  14  ±  0.38  cc./hr.  and  a  total  observ'ed 
range  from  0.5  to  111  cc./hr.  The  means  and  standard  deviations  of  the  5  to 
49  and  50  to  95  year  groups  were  the  same  as  those  of  the  total  group.  The 
distributions  showed  a  tailing  off  toward  high  values,  with  a  comparatively  high 
skewness  value  and  coefficient  of  variation. 

2.  Slower  rates  of  flow  in  general  were  observed  from  5  to  9  years  with  the 
highest  value  at  52  cc./hr.;  while  after  10  years  of  age  the  averages  by  5  year 
age  groups  did  not  vary  significantly  and  the  ranges  overlapped  considerably. 

3.  The  coefficient  of  correlation  w^th  age  was  nearly  zero  for  the  entire  group, 
while  a  slight  relation  existed  in  younger  persons  from  5  to  29  years. 

4.  No  sex  differences  w'ere  found  between  the  average  rates  of  flow  of  males, 
20  ±  0.81  cc./hr.,  and  females,  19  ±  0.96  cc./hr.,  neither  between  5  year  groups 
within  each  sex  group  nor  betw’een  the  sexes  at  similar  age  levels. 

77.  Total  Calcium  mg.  %:  1.  The  average  calcium  mg.  %  value  for  650 
individuals  was  5.8  ±  0.06  mg.  %,  with  a  standard  deviation  of  1.4  ±  0.04  mg. 
%  and  a  total  obseiw’ed  range  from  2.2  to  11.3  mg.  %.  The  mean  and  standard 
deviation  of  the  5  to  49  year  group  w’ere  quite  similar  to  those  of  the  entire  group, 
while  the  mean  of  the  group  over  50  years  w’as  higher.  The  distribution  ap¬ 
proached  a  sjTnmetrical  curve  with  a  comparatively  low’  skew’ness  value  and 
coefficient  of  variation,  w’hich  were  much  less  than  those  of  rate  of  flow’. 

2.  A  slight  relationship  betw’een  total  calcium  mg.  %  and  Jige  w'as  reflected 
by  a  greater  correlation  coefficient  in  the  early  age  group  from  5  to  29  years 
than  for  the  entire  group.  Since  this  relation  is  stronger  during  the  years  of 
grow-th  and  early  adulthood  a  definite  relationship  to  the  physiologic  changes  of 
these  periods  must  Ije  susjiected  of  influencing  salivary  secretion. 

3.  The  means  of  5  year  age  groups  increased  slow  ly  and  reached  a  maximum 
in  middle  life. 

4.  Males  had  a  slightly  higher  average  calcium  content,  5.9  ifc  0.09  mg.  % 
than  females,  5.6  db  0.07  mg.  %.  Since  this  difference  is  very  small  anti  the 
distributions  and  trend  in  relation  to  age  apjiear  quite  .similar,  the  sex  grou()s 
are  considered  to  be  alike. 
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TABLE  III 

Rate  of  flow  and  calcium  and  phosphorus  content  of  resting  saliva  of  650  individuals* ** *** 


5  TO  95  YEAKS 
650  INDIVIDDAl^ 


I.  Rate  of 
flow, 
cc./hr. 


II.  Total  cal-  I  2.4-11.3 
dum 
mg.  % 


III.  Total  cal-  0.12-6.28 
cium, 
mg. /hr. 


IV.  Inorganic  |  6.1-71.0 
phoa- 
phorua, 
mg.  % 


V.  Inorganic  0.21-16.72 
phoe-  I 
pborus, 
mg. /hr. 


*  Sampling  error*  given  in  the  original  text  have  been  omitted  in  thia  table. 

**  These  rate  of  flow  values  are  based  on  661  individuals. 

***  These  rate  of  flow  values  are  based  on  177  individuiJs. 
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111.  Total  Calcium  mg.fhr.:  1.  The  results  from  650  individuals  gave  a  mean 
of  1.06  ±  0.03  mg./hr.,  a  standard  deviation  of  0.80  ±  0.02  mg./hr.  and  a  total 
observed  range  from  0.12  to  6.28  mg./hr.  The  values  were  very  close  to  those 
of  the  5  to  49  year  and  50  to  95  year  groups.  The  distributions  tailed  off  toward 
high  figures  giving  a  lai^e  skewness  value  and  coefficient  of  variation  like  those 
of  rate  of  flow. 

2.  In  contrast  to  the  mg.  %  studies  no  relationship  between  total  calcium 
mg./hr.  values  and  age  was  found,  which  was  reflected  in  the  zero  correlation 
coefficient;  however  in  younger  individuals  a  slight  relationship  was  observed. 
For  instance,  the  mean  of  the  5  to  9  year  group  was  lower  than  for  any  other 
age  group.  In  the  older  age  intervals,  with  widely  scattered  values  and  large 
standard  deviations,  no  general  relation  to  age  could  be  found.  These  findings 
paralleled  closely  those  of  rate  of  flow. 

3.  The  average  of  males,  1.15  ±  0.05  mg./hr.,  was  practically  the  same  as 
that  of  females,  1.00  ±  0.06  mg./hr.  Within  the  sexes  the  5  year  age  groups 
did  not  differ  with  the  possible  exception  of  the  females  from  5  to  9  and  10 
to  14  years.  Comparison  of  age  groups  between  the  sexes  showed  no  difference. 

Differences  between  the  mg.  %  and  the  mg./hr.  findings  may  be  summarized 
as  follows.  In  the  total  groups  the  standard  deviation  of  mg.  %  was  much 
smaller  in  relation  to  the  range  than  that  of  mg./hr.  This  fact  assumed  greater 
significance  when  its  effect  on  the  skewness  values  and  coefficients  of  variation 
was  noted;  both  of  these  figures  were  much  lower  for  mg.  %  values,  which  had 
the  more  compact  distribution. 

In  relation  to  age,  as  seen  especially  in  the  figures  of  the  earlier  5  year  groups 
where  the  number  of  individuals  was  the  largest,  the  standard  deviations  of  mg.  % 
(Table  I)  were  again  much  smaller  with  respect  to  the  range,  than  were  those 
of  mg./hr.  (Table  II).  In  fact  the  standard  deviations  of  the  first  6  five-year 
groups  of  mg.  %  were  all  smaller  than  that  of  the  total  group;  while  for  mg./hr. 
this  was  true  only  of  the  first  group. 

The  mg.  %  means  of  the  5  year  groups  also  showed  more  definite  changes  with 
age  since  they  were  significantly  different  up  to  19  years  while  for  mg./hr.  this 
was  true  only  up  to  14  years.  Moreover,  comparison  of  the  larger  groupings 
of  5  to  29,  30  to  49  and  50  to  95  years  also  emphasized  the  greater  relation 
between  mg.  %  values  and  age  since  the  means  of  these  groups  were  all  signif¬ 
icantly  different  and  increased  progressively  with  age;  on  the  other  hand,  none 
of  these  groups  differed  significantly  for  mg./hr.  values. 

A  similarity  between  mg.  %  and  mg./hr.  values  was  seen  in  their  correlation 
coefficients  which  in  each  case  were  stronger  in  the  youngest  groups,  i.e.  up  to 
30  years.  For  the  total  groups  the  relationships  disappeared. 

The  possibility  of  a  sex  difference  was  slight  for  the  mg.  %  figures,  while  for 
the  mg./hr.  none  could  be  found. 

IV.  Inorganic  Phosphorus  mg.  %:  The  mean  for  650  individuals  was  16.8 
±  0.25  mg.  %  with  a  standard  deviation  of  6.4  =b  0.18  mg.  %  and  a  total  ob¬ 
served  range  from  6.1  to  71.0  mg.  %.  These  values  did  not  differ  significantly 
from  those  of  the  5  to  49  year  group;  however,  the  group  over  50  years  was 
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higher.  The  frequency  distribution  was  only  slightly  skewed  and  the  coefficient 
of  variation  was  also  comparatively  low. 

>  2.  In  general  there  was  a  slight  gradual  rise  in  phosphorus  mg.  %  values  with 
increasing  age  up  to  approximately  50  years.  The  correlation  between  phos¬ 
phorus  mg.  %  and  age  was  greater  for  the  entire  group  of  650  than  for  the 
indi\dduals  from  5  to  29  years. 

3.  All  of  the  combined  age  groups,  5  to  29,  30  to  49  and  50  to  95  years,  were 
found  to  differ  significantly  from  each  other  and  showed  an  increased  phosphorus 
content  as  age  adv’anced. 

4.  The  separated  male  and  female  groups  did  not  differ.  15.2  ±  0.37  and 
15.7  ±  0.23  mg.  %.  The  values  of  the  5  year  intervals  within  the  sex  groups 
increased  progressively  with  age  up  to  50  years;  males  continued  to  increase 
but  females  showed  apparently  lower  mg.  %  phosphorus  levels  after  50  years. 

T''.  Inorganic  Phosphorus  mg. /hr.:  1.  The  mean  of  inorganic  phosphorus  mg./ 
hr.  for  650  individuals  was  found  at  3.06  ±  0.07  mg./hr.  with  a  standard  devia¬ 
tion  of  1.89  ±  0.05  mg./hr.  and  a  total  observed  range  from  0.21  to  16.72  mg./hr. 

These  values  differed  verj'  little  from  those  of  the  5  to  49  year  group  and 
although  the  mean  of  the  group  over  50  was  higher  the  difference  was  of  ques¬ 
tionable  significance.  The  distribution  was  skewed  and  the  coefficient  of  varia¬ 
tion  w'as  much  greater  than  that  of  mg.  %. 

2.  The  wide  distributions  gave  no  correlation  between  phosphorus  mg./hr. 
and  age  in  the  entire  group.  When  only  the  early  values  from  5  to  29  years 
were  considered  an  increase  in  the  correlation  coefficient  occurred  and  slight 
relationship  was  found. 

^  3.  The  lowest  average  mg./hr.  value  was  again  found  between  the  ages  of 
5  and  9  years.  The  averages  of  older  groups  did  not  differ  significantly  from 
each  other.  The  mg./hr.  values  were  characterized  by  a  wide  scattering  of 
results  in  all  age  groupings. 

4.  Males  and  females  differed  only  slightly  3.21  ±  0.11  and  2.78  ±  0.12 
mg./hr.  respectively.  The  averages  of  the  5  year  age  groups  of  the  separated 
sexes  were  not  different  with  the  exception  of  significantly  lower  levels  in  the  5 
to  9  year  groups.  Comparison  between  the  sexes  of  means  of  age  groups  re¬ 
vealed  little  difference. 

For  phosphorus  the  differences  between  mg.  %  and  mg./hr.  findings  were 
identical  with  those  noted  for  calcium  with  one  exception.  The  correlation  coef¬ 
ficient  of  mg.  %  phosphorus  w'as  greater  for  the  entire  group  while  for  mg./hr. 
it  was  greater  for  the  younger  individuals  from  5  to  29  years  as  also  noted  for 
mg./hr.  calcium. 

Due  to  the  lack  of  definite  ranges  for  specific  age  groups  and  the  great  over¬ 
lapping  of  the  distributions,  it  is  impossible  to  set  up  a  normal  standard  for  any 
sfKjcific  ^e  group  or  for  the  total  group. 

I'he  salivary  examinations  just  reported  provide  representative  groups 
through  a  wide  range  of  ages  of  healthy  individuals  in  both  sexes.  Great  dif¬ 
ferences  in  salivary  composition  w'ere  found  in  the  different  age  groups  and  at 
different  levels  of  rate  of  flow. 
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TESTING  CARIES  ACTIVITY  BY  ACID  PRODUCTION  IN 
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Department  of  Dental  Pathology  and  Therapeutics,  College  of  Dentistry,  University  of  IllinoiSy 

Chicago,  III. 

A  quick,  simple,  accurate  method  of  evaluating  dental  caries  activity  of  in¬ 
dividuals,  before  the  actual  dissolution  of  enamel  begins,  would  be  a  valuable 
aid  in  studies  and  treatments  of  dental  caries  because  knowledge  of  caries  activity 
would  permit  the  dentist  to  plan  his  dental  treatment  program  more  intelligently 
and  investigators  could  study  methods  of  controlling  dental  caries  more  ef¬ 
ficiently.  Several  methods  of  testing  for  dental  caries  activity  have  been  re¬ 
ported,  most  of  them  based  upon  interpretations  of  studies  of  the  oral  flora,  or 
upon  the  action  of  oral  bacteria  on  carbohydrates.  A  brief  outline  of  the  better 
known  tests  follows: 

(1)  Lactobacillus  acidophilus  colony  counts  [Hadley,  Bunting  and  Delves  (1)].  Studies 
are  made  of  the  number  and  types  of  colonies  of  Lactobacillus  acidophilus  which  will  grow 
in  48  hours  on  tomato  agar  (pH  5.0)  plates  after  inoculation  with  0.1  c.c.  of  a  1  in  5  dilution 
of  saliva  collected  while  the  patient  is  chewing  paraffin.  High  colony  counts  indicate 
caries  activity  while  counts  0-100  indicate  caries  inactivity. 

(2)  Direct  microscopic  study  of  plaque  material  [Blayney  (2)  ].  Plaques  carefully  removed 
from  tooth  surfaces  under  observation  are  stair^d  and  studied.  Results  indicate  that  caries 
active  areas  show  plaques  containing  innumerable  cocco-bacilli,  while  caries  immune  areas 
show  a  mixed  flora  of  a  different  nature. 

(3)  Enamel  decalcification  test  [Fosdick,  Hansen  and  Epple  (3)].  Powdered  enamel  is 
suspended  in  a  mixture  of  6  c.c.  of  stimulated  saliva  and  0.2  gm.  of  glucose  and  agitated 
in  a  37°C  water  bath  for  4  hours.  The  amount  of  enamel  which  is  dissolved  is  calculated  by 
titration  with  N/lOO  KMm04.  As  enamel  dissolution  increases  above  9-10  mg.  increase  in 
caries  activity  is  reported.. 

(4)  Study  of  pH  of  plaques  on  tooth  surfaces  [Stephan  (4)  ].  Using  an  antimony  electrode, 
Stephan  demonstrated  that  dental  plaques  varied  in  their  pH,  and  those  of  low  pH  were 
apparently  in  caries  active  areas. 

(5)  Fermentation  Test  [Snyder  (5)  ].  A  0.2  cc  sample  of  stimulated  saliva  is  incubated  in 
5  to  7  cc.  of  culture  media  containing  Brom-cresol-green  indicator.  Formation  of  acid  is 
shown  by  color  change  of  indicator  in  48  hours;  saliva  samples  from  caries  active  patients 
produce  more  acid  than  salivary  samples  from  caries  inactive  patients. 

The  present  report  concerns  another  method. of  testing  for  dental  caries 
activity.  Our  test  is  based  upon  the  premise  that  acidogenic  organisms  are 
more  numerous  and  more  active  in  saliva  from  caries  active  patients,  so  that 
w^ien  a  freely  fermentable  carbohydrate  is  added,  acid  production  quickly  follows. 

‘  Read  at  a  meeting  of  the  Chicago  section,  International  Association  for  Dental  Re¬ 
search,  November  13,  1942.  Received  for  publication,  July  29,  1943. 
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Our[studies  indicate  that  the  speed  of  acid  production  in  this  test  is  an  important 
indicator  of  dental  caries  activity. 


METHOD 

The  method  for  testing  for  caries  activity  which  we  have  devised  uses  a  mix¬ 
ture  of  3  cc  of  saliva  and  0.4  cc  of  a  1%  glucose  solution.  The  0.4  cc  of  1%  glu¬ 
cose  solution  is  used  in  the  test  because  earlier  studies  indicated  that  this  was  the 


pH 


Fig.  1  This  graph  shows  acid  production  in  terms  of  pH  produced  when  various  amounts 
of  a  1%  glucose  solution  were  added  to  each  3  c.c.  of  saliva  from  a  very  active  caries  patient 
and  the  mixture  incubated  for  4  hour8-24  hours. 

desirable  concentration  to  use  to  enable  a  salivary  sample  from  a  caries  active 
patient  to  lower  the  hydrogen  ion  concentration  below  pH  5.0.  The  basis  for 
this  opinion  is  illustrated  in  figs.  1  and  2. 

Fig.  1  shows  the  results  of  incubating  3  cc.  volumes  of  the  same  saliva  from 
a  caries  active  patient  for  4  hours  respectively  with  0.1  cc;  0.2  cc;  0.3  cc  and  0.5 
cc  of  a  1%  glucose  solution  added.  The  0.1  cc  concentration  lowered  the  pH 
to  5.5  in  4  hours;  the  0.2  cc  concentration  lowered  the  pH  to  5.2  in  4  hours;  the 
0.3  cc  concentration  lowered  the  pH  to  5.1  in  4  hours;  and  the  0.5  cc  concentration 
lowered  the  pH  to  4.6  in  4  hours. 

From  these  results  it  was  calculated  that  0.4  cc  of  1%  glucose  would  reduce 
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the  pH  to  5.0  or  slightly  lower  in  4  hours.  Further  studies  using  other  caries 
active  salivas  have  confirmed  this  opinion. 

Fig.  2  demonstrates  the  results  obtained  when  the  various  concentrations  of 
glucose  are  added  to  3  cc  volumes  of  caries  inactive  saliva. 

The  procedure  used  to  make  a  caries  activity  test  is  as  follows:  A  10  cc  sample 
of  unstimulated  saliva  is  collected,  thoroughly  shaken  to  insure  uniformity,  and 
divided  into  3  equal  parts.  Part  I  is  used  as  a  control.  From  this  1  cc  is  removed 
and  titrated  for  total  acidity  with  N/lOO  NaOH,  phenolphthalein  indicator. 
Also  1  drop  of  the  control  sample  is  used  to  determine  its  pH  by  use  of  the  colori- 


-pH 


Fig.  2  Acid  production  in  terms  of  pH  obtained  when  various  amounts  of  1%  glucose 
solution  were  added  to  each  3  c.c.  of  saliva  from  a  caries  immune  patient  and  incubated  for 
4  hours  or  longer.  #1 — 0.1  c.c.  glucose  solution  plus  3  c.c.  of  saliva,  — 0.2  c.c.  glucose 
solution  plus  3  c.c.  of  saliva,  ^3 — 0.3  c.c.  glucose  solution  plus  3  c.c.  of  saliva,  ^4 — 0.5  c.c. 
glucose  solution  plus  3  c.c.  of  saliva,  #5 — 1.0  c.c.  glucose  solution  plus  3  c.c.  of  saliva,  )K6 — 
saliva  only,  #7 — 1%  glucose  solution  in  distilled  water. 

metric  indicators  (LaMotte).  Nitrazine  paper  (Squibb)  pH  range  4.5-7.5  can 
be  used  instead  of  the  colorimetric  method  in  the  dental  office.  To  the  tubes 
containing  parts  2  and  3  of  the  salivary  sample,  0.4  cc  of  a  1%  solution  of  glucose 
is  added.  The  contents  of  tubes  2  and  3  are  duplicates  to  check  against  each 
other.  All  3  tubes  of  saliva  are  then  incubated  for  24  hours.  At  the  end  of  2 
hours,  4  hours  and  24  hours,  1  cc.  of  each  sample  is  tested  for  total  titrable  acidity 
and  pH.  The  acidity  found  in  the  control  and  duplicate  fermentation  tests  is 
then  compared. 

In  tests  on  salivary  samples  from  patients  “K”  and  “O”  {jigs.  3  and  4),  which 
were  classed  as  caries  immune  by  repeated  clinical  examinations  and  in  vitro  tests. 


418 


E.  C.  WACH,  R.  G.  KESEL,  M.  K.  HINE  AND  J.  F.  o’dONNELL 


the  pH  and  total  titrable  acidity  change  very  little.  Tests  on  saliva  from  a 
caries  active  individual  “W”,  {figs.  3  and  4)  however,  showed  a  rapid  depression 
of  pH  from  6.8  to  4.8  in  2  hours  to  4.4  in  4  hours  and  3.9  in  24  hours.  Total 
titrable  acidity  increased  from  0.40  cc  N/lOO  acid  to  1.35  cc  in  2  hours,  1.80  cc 
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in  4  hours  and  2.90  cc  in  24  hours.  In  active  cases  the  greatest  activity  occurs  in 
the  first  two  hours.  The  control,  which  contained  saliva  but  no  glucose,  shows 
little  acid  production.  Typical  results  of  tests  in  saliva  from  patient  classed  as 
slightly  caries  active  by  clinical  examination,  by  Lactobacillus  acidophilus  counts 
and  by  enamel  decalcification  tests,  are  illustrated  in  Jigs.  6  and  6.  The  pH 
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dropped  more  slowly  in  tests  on  saliva  from  patients  only  slightly  caries  active 
than  in  tests  on  saliva  from  very  active  patients.  The  pH  reached  5.6  in  2  hours, 
5.1  in  4  hours  and  4.4  in  24  hours.  The  total  titrable  acidity  rose  slowly  so  that 
the  increase  was  from  0.20  cc  N/lOO  acid  to  0.60  cc.  in  2  hours,  0.80  cc.  in  4  hours 
and  2.20  cc.  in  24  hours.  It  is  believed  that  this  slow  increase  of  acidity  for  4 
hours,  followed  by  a  more  rapid  acid  production  indicates  either  the  presence  of 
some  inhibitory  or  buffering  factor  in  the  saliva,  which  is  gradually  lost  or  over¬ 
whelmed,  or  a  scarcity  of  acidogenic  organisms  in  the  salivary  sample,  or  both. 

Comparison  of  the  results  of  tests  from  patients  markedly  caries  active  and 
patients  slightly  caries  active  shows  that  at  the  end  of  4  hours  the  acidity  pro¬ 
duced  by  the  saliva  from  the  very  caries-active  patients  is  approximately  twice 
as  much  as  that  produced  by  saliva  from  the  slightly  caries-active;  at  the  end  of 
24  hours  this  variation  is  not  so  apparent.  Therefore,  we  believe  the  4  hour  test 
is  more  critical  than  one  which  utilizes  a  longer  incubation  period. 

Degree  of  caries  activity 


pH  Toul  acidity  per  cx.  saliva 

Inactive .  7. 0-6.0  .50  c.c.  of  N/lOO  acid 

Active  + .  5.9-5.5  .51-  .75  “  “ 

Active  ++ .  5.4-5.0  .  76-1.00  “  “  “ 

Active  +++ .  4.9-4.5  1.0  -1.40  “  “ 

Active  ++++ .  4. 4-3.9  1.41-up  “  “  “ 


Fig.  7.  Total  acid  production  is  read  as  total  amount  of  acid  present  at  end  of  4  hours, 
ignoring  acids  present  at  start. 

Results  of  tests  on  the  same  patient  made  on  different  days  varies  widely. 
Occasionally  this  variation  was  so  marked  that  no  interpretation  of  caries  activity 
could  be  made;  usually,  however,  a  definite  trend  could  be  noted  when  enough 
readings  had  been  recorded.  It  should  be  emphasized  that  a  single  test  is  not  a 
reliable  indication  of  caries  activity.  Also,  all  caries  activity  tests  vary  so  much 
that  they  can  be  relied  upon  only  w'hen  the  results  are  definite  and  consistent. 

CORRELATION  BETWEEN  FERMENTATION  TEST  AND  CARIES  ACTIVITY 

This  test  has  been  used  over  2000  times  on  approximately  200  patients.  For 
this  report,  a  group  of  50  young  adult  dental  students  was  carefully  studied  for 
caries  activity  for  a  period  of  over  2  years.  Clinical  caries  activity  was  assessed 
after  5  mouth  examinations  w'ere  made,  using  intraoral  and  bite  wing  roentgeno¬ 
grams.  In  vitro  tests  used  were  the  enamel  dissolution  test,  Lactobacillus  acido¬ 
philus  colony  counts,  and  the  fermentation  test  described  in  this  report.  Com¬ 
parisons  were  made  between  I’esults  of  all  of  these  tests;  details  of  this  study  were 
reported  by  Kesel  (6).  Degree  of  caries  activity  as  indicated  by  our  test  was 
made  according  to  an  arbitrary  scale  {fig.  7). 

A  total  of  818  of  our  tests  were  made.  Classification  of  these  50  patients  was 
made  according  to  clinical  observation  of  new  cavities  developing  and  also  ac¬ 
cording  to  the  above  scale.  In  86%  of  these  individuals  the  results  of  the  test 
coincided  with  the  presence  or  absence  of  caries.  However,  the  amount  of  acid 
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formed  in  the  test  was  not  indicative,  necessarily,  of  the  extent  of  clinical  caries 
activity.  Comparison  of  degree  of  caries  activity  is  as  foUow's:  In  11  patients 
(22%)  clinical  evidence  of  caries  and  the  evaluation  of  the  degree  of  caries  ac- 
tmty  by  our  test  agreed  completely.  In  29  patients  (58%)  our  test  indicated 
greater  caries  activity  than  clinical  examination  showed.  In  3  patients  (6%) 
our  tests  showed  less  activity  than  clinical  examinations  revealed.  In  7  patients 
(14%)  tests  did  not  agree  with  clinical  examinations.  In  this  group  2  were 
clinically  caries  active,  but  classified  caries  immune  by  this  test,  and  5  were 
clinically  inactive,  but  caries  active  by  this  test. 

Ten  of  the  50  patients  in  this  group  gave  negative  or  low  LactohadUus  acidoph¬ 
ilus  colony  counts;  5  were  clinically  caries  active  and  5  immune  to  caries. 
Only  2  of  these  w’ere  classed  as  negative  by  our  test,  one  clinically  caries  active, 
and  the  other  inactive.  In  the  8  recorded  as  positive  by  our  test,  but  n^ative  by 
LactohadUus  acidophilus  colony  counts,  acidogenic  streptococci  were  present. 
Of  course,  the  glucose  in  this  test  is  degraded  by  several  species  of  bacteria  which 
are  known  to  exist  in  salivary  samples. 

In  our  experience,  however,  fermentation  tests  recorded  as  positive  because 
of  acidity  produced  by  acidogenic  streptococci  are  not  too  reliable;  LactohadUus 
acidophilus  colony  counts  seem  more  consistently  in  agreement  with  clinical 
caries  activity. 


DISCUSSION  AND  SUMMARY 

An  analysis  of  a  large  number  of  tests  reveals  that  the  test  may  not  always 
conform  exactly  to  the  clinical  findings  for  the  following  reasons:  1.  A  subject 
found  clinically  caries  inactive  may  be  passing  into  an  active  stage.  2.  A  sub¬ 
ject  found  clinically  caries  active  may  be  passing  into  an  inactive  stage.  3.  The 
LactohadUus  acidophilus  count,  while  fairly  consistent  with  the  clinical  findings, 
is  subject  to  the  same  variations.  4.  A  few  cases  (less  than  1%)  are  encoun¬ 
tered  in  which  a  high  acid  production  is  found  with  no  clinical  caries.  On  plating 
cultures  of  these  cases,  it  is  found  that  there  are  certain  strains  of  acidogenic 
streptococci  and  acidogenic  staphylococci  found  in  the  saliva  capable  of  high 
acid  production,  but  that  for  some  reason  carious  lesions  have  not  occurred.  In 
such  cases,  the  acid  production  tests  should  be  supplemented  by  bacterial  cul¬ 
tures  on  medium  having  a  pH  5.0.  5.  A  single  application  of  the  test  is  not 
sufficient  to  determine  the  dental  caries  activity  of  a  patient.  Results  of  several 
tests  which  show  a  definite  trend,  however,  give  reliable  indication  of  caries 
activities. 

This  study  suggests  that  an  evaluation  of  a  patient’s  caries  activity  may  be 
made  by  incubating  a  sample  of  unstimulated  saliva  mixed  with  minute  amounts 
of  glucose  for  4  hours  and  then  determining  the  resultant  hydrogen  ion  con- 
concentration  and  total  titrable  acidity.  Because  this  test  is  simple,  rapid,  in¬ 
expensive,  requires  little  equipment  and  is  quite  sensitive  and  reliable,  it  is  be¬ 
lieved  that  it  can  be  used  to  advantage  in  research  and  in  dental  practice. 
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